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u
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M

=

S

~
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= bore volume

= gas volume in operating cylinder

chamber volume

operating cylinder displacement

1

equivalent gasvolume

equivalent bore volume

chamber volume plus total bore volume

= initial volume of gas operating cylinder
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= initial volume in gas equations
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= velocity, general

= average velocity; axial velocity

= buffer velocity during recoil

= bolt velocity during counterrecoil
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velocity of chutes; linear ejected velocity

of cartridge case

= counterrecoil velocity

= counterrecodl velocity of buffer

peripheral velocity of drum

= maximum peripheral velocity of drum

extractor velocity, maximum ¢jection
velocity

= velocity of free recoil
= impact velocity

= muzzle velocity of projectile
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W,

s

W,

se
1%

sr

wsrp

rm

ro

tf

to
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after buffer engagement; recoil travel dur-
ing cam dwell period




AMCP 706-260

LIST OF SYMBOLS (Con’t.)

y = distance in y-direction, spring deflection ¥, = shear deflection

=peripheral width of parabola; moment
¥, = peripheral length of constant slope of cam Vim deflection

GREEK LETTERS

a = angular acceleration, general; angular 9, = angular shear deflection
acceleration of bolt; angular acceleration
of rotor 6m = angular moment deflection
@, = angular acceleration of drum A =angle of bolt locking cam; slope of lug
helix
8 = cam angle
H = cocfficient of friction
B; =camlockingangle
Hy = index of friction
B, = slope of cam helix
H, = coefficient of rolling friction
Y = correction factor
4, = coefficient of slidingfriction
At = time differential
u, = coefficient of friction of track
Av  =velocity differential
v = Poisson’s ratio
Ax = distance differential )
p = ratio of spring energy to drum energy
Ay = differential deflection; relative deflection )
of one spring segment z = summation
e = efficiency of spring system g = fensile stress
€, = cfficiency of buffer system o, = working stressof spring
€ = cfficiency of recoil adapter T = static stress of spring
1; = dynamic stress of spring
0 = angular displacement, general; angular dis-
placement of rotor; angle of elevation; ¢ = angle of double helix drive
angular deflection in rectangular coil
spring w = angular velocity
8, = rotor travel for constant cam slope w; = angularvelocity of drum
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PREFACE

This handbook is one of a serics on Guns. It is part of a group of handbooks covering
the engineering principles and fundamental data needed in the development of Army
materiel, which (as a, group) constitutes the Engineering Design Handbook Series. This
handbook presents information on the fundamental operating principles and design of
automatic weapons and applies specifically to automatic weapons of all types such as
blowback, recoil-operated, gas-operated, and externally powered. These include single,
double, multibarrel, and revolver-type machine guns and range from the simple blowback
to the intricate M61A1 Vulcan and Navy 20 mm Aircraft Gun Mark II Mod 5 Machine
Guns. Methods are advanced for preparing engineering design data on firing cycle, spring
design, gas dynamics, magazines, loaders, firing pins, etc. All components are considered
except tube design which appears in another handbook, AMCP 706-252, Gun Tubes.

This handbook was prepared by The Franklin Institute, Philadelphia, Pennsylvania, for
the Engineering Handbook Office of Duke University, prime contractor to the US. Army,
and was under the technical guidance and coordination of a special subcommittee with
representation from Watervliet Arsenal, Rock Island Arsenal, and Springfield Armory.

The Handbooks are readily available to all elements of AMC including personnel and
contractors having a need and/or requirement. The Army Materiel Command policy is to
release these Engineering Design Handbooks to other DOD activities and their con-
tractors, and other Govemment agencies in accordance with current Army Regulation
70-31, dated 9 September 1966. Procedures for acquiring these Handbooks follow:

a. Activities within AMC and other DOD agencies should direct their request on an
official form to:

Commanding Officer

Letterkenny Army Depot

ATTN: AMXLE-ATD

Publications Distribution Branch
Chambersburg, Pennsylvania 17201

b. Contractors who have Department of Defense contracts should submit their
request, through their contracting officer with proper justification, to the address indi-
cated in par. a.

c. Govemment agencies other than DOD having need for the Handbooks may submit
their request directly to the Letterkenny Army Depot, as indicated in par. a above, or to:

Commanding General

U. §. Army Materiel Command
ATTN: AMCAD-PP
Washington, D. C. 20315

or

Director

Defense Documentation Center
ATTN: TCA

Cameron Station

Alexandria, Virginia 22314
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d. Industries not having a Government contract (this includes Universities) must for-
ward their request to:

Commanding General

U. S. Army Materiel Command
ATTN: AMCRD-TV
Washington, D. C. 20315

¢. All foreign requests must be submitted through the Washington, D. C. Embassy to:

Office of the Assistant Chief of Staff for Intelligence
ATTN: Foreign Liaison Office

Department of the Army

Washington, D. C. 20310

All requests, other than those originating within the DOD, must be accompanied by a
valid justification.

Comments and suggestions on this handbook are welcome and should be addressed to
Army Research Office—Durham, Box CM, Duke Station, Durham, N. C. 27706.

Xix/xx
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CHAPTER 1
INTRODUCTION*

1-1 SCOPE AND PURPOSE

This handbook presents and discusses procedures
normally practiced for the design of automatic weapons,
and explores the problems stemming from the functions
of each weapon and its components. It is intended to
assist and guide the designer of automatic weapons of
the gun type, and to contain pertinent design informa-
tion and references.

1—-2 GENERAL

The purpose of the handbook is (1) to acquaint new
personnel with the many phases of automatic weapon
design, and (2) to serve as a useful reference for the
experienced engineer. It does not duplicate material
available in other handbooks of the weapon series. Those
topics which are presented in detail in other handbooks
are discussed here only in a general sense; consequently,
the reader must depend on the referenced handbook for
the details. Unless repetitive, the text — for cyclic
analyses, time-displacement (T-D) curves, chamber
design, strength requirements, springs, cams, and drive
systems — includes mathematical analyses embodying
sketches, curves, and illustrative problems. Topics such
as ammunition characteristics, lubrication, handling and
operating features, and advantages and disadvantages are
generally described more qualitatively than quantita-
tively.

Appendix B is included to merely introduce the idea
of the automatic control of a burst of rounds for
weapon effectiveness in the point fire mode — a facet
which the gun designer may wish to consider.

1-3 DEFINITIONS

An automatic weapon is a self-firing gun. To be fully
automatic, the weapon must load, fire, extract, and cject
continuously after the first round is loaded and fired —
provided that the firing mechanism is held unlocked.
Furthermore, the automatic weapon derives all its oper-
ating encrgy from the propellant. Some weapons have
external power units attached and, although not auto-
matic in the strictest sense, are still classified as such.

*Prepared by Martin Regina, Franklin Institute Research
Laboratories, Philadelphia, Pennsylvania.

There are three general classes of automatic weapons,
all defined according to their system of operation,
namely: blowback, gas-operated. and recoil-
operated'**

a. Blowback is the system of operating the gun
mechanism that uses propellant gas pressure to force the
bolt to the rear; barrel and receiver remaining relatively
fited. The pressure force is transmitted directly by the
cartridge case base to the bolt.

b. Gas-operated is the system that uses the propellant
gascs that have been vented from the bore to drive a
piston linked to the bolt. The moving piston first
unlocks the bolt, then drives it rearward.

c¢. Recoil-operated is the system that uses the energy
of the recoiling parts to operate the gun.

Each system has variations that may borrow one or
more operational features from the others. These
variations, as well as the basic systems. arc discussed
thoroughly in later chapters.

1-4 DESIGN PRINCIPLES FOR AUTOMATIC
WEAPONS

The automatic weapon, in the process of firing a
round of ammunition, is essentially the same as any
other gun. Its basic difference is having the ability to
continue firing many rounds rapidly and automatically.
An outer stimulus is needed only to start or stop firing,
unless the latter occurs when ammunition supply is
exhausted. The automatic features require major effort
in design and development. The design philosophy has
been established, then the gun is to fire as fast as required
without stressing any component to the extent where
damage and therefore malfunction is imminent.

An extremely short firing cycle being basic, the
designer must exploit to the fullest the inherent proper-
ties of each type of antomatic weapon. Generally, each
type must meet certain requirements in addition to

**References are identified by a superscript number and are
listed at the end of this handbook.

1=1



AMCP 706-260

being capable of operating automatically. These require-
ments or design features are:

1. Use part of the available energy of the propellant

1-=2

gases without materially affecting the ballistics.

. Fire accuratcly at a sustained rate compatible with

the required tactics.

. Uee standard ammunition.
. Be light for easy handling.

. Have a mechanism that is:

a. simple to operate

b. safe
c. easy to maintain
d. economical with respect to manufacturing.

6. Have positive action for feeding, extracting, eject-
ing.

7. Insure effective breech closure until the propellant
gas pressure has dropped to safe limits.

All successful automatic weapons meet these require-
ments but to a degree normally limited by type of
weapon. Conflicting requirements are resolved by com-
promise.
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CHAPTER 2
BLOWBACK WEAPONS

2—1 GENERAL

Controlling the response of the cartridge case to the
propellant gas pressure is the basic design criterion of
blowback weapons. The case responds by tending to
move rearward under the influence of the axial force
generated by the gas pressure on its base. Meanwhile,
because of this same pressure, the case dilates to press on
the inner wall of the chamber. The axial force tends to

push the bolt rearward, opposed only by the resistance
offered by the bolt inertia and the frictional resistance
between case and chamber wall. The question now arises
as to which response predominates, the impending axial
motion or the frictional resistance inhibiting this
motion.

Time studies resolve the problem. Fig. 2-1 is a
typical pressure-time curve of a round of ammunition.
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Figure 2—1. Typical Pressure-time Curve
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For simplicity, assume unity for bore area and bolt
weight. According to Fig. 2—1, the maximum pressure
of 45,000 psi develops in 0.0005 sec. Again for
simplicity, assume that the pressure varies lincarly from
t =0 tot = 0.0005 sec. The pressure p at any time
during the interval

(2-1)

_ {45000
? =\ 00005

) t=9x107¢ Ibfin?

The corresponding force 7 driving the cartridge case and
bolt rearward is

F=A4,p=9x10"14 b (2-2)
where A, =bore area in square inches
but, by assumption, 4, = 1.0 in? , therefore

F=9x10"t =Kt. (2-3)
From mechanics
F=Mya (2—-4)
where a = bolt acceleration
M,, = mass of bolt.

. . . V 1.0
According to an carlier assumption My, = 7 = z
Solve for a in Eq. 2—4

- F _
a=-—=K 2-5
i, = Re (2-5)
but
2
g =28 Kgt. (2-6)
dr’
Integration of Eq. 2—6 yields
2
y = s _ds C=1th"" + ¢ (2-7)
e dr 2

when t =0, v =0, therefore C; = 0.
Integration of Eq. 2—7 yields

d
5 = d—ts=-§th3 + 0, (2-8)

whent= 0,s = 0, therefore, C, = 0.

Assume that the limiting clearance between case and
chamber is equal to the case dilation as it reaches the
ultimate strength, and assume further that the cartridge
case has a nominal outside diameter of 1.5 in., a wall
thickness of 0.05 in., and an ultimate strength of 50,000
psi. Then, according to the thin-walled pressure vessel
formula, the pressure at which failure impends and
which presses the case firmly against the chamber wall is

P,

_ ot 30000x005
T T 075 ) pst

(2-9)

u

where
r = 0.725 in, mean radius of case

£, = 0.05 in., wall thickness
o, = 50,000 Ib/in.2, tensile stress

From Eq. 2—1, t is the time elapsed to reach this
pressure.

- = 3.83x 1075 sec (2-10)

From Eq. 2-8, s is the distance that the case and bolt
travel during this time, i.e., when only the inertia of the
system is considered.

s = lth3

6
= %x 9x 107 x 386 x 56 x 107!% < 0.001 in.
This analysis indicates that when optimum conditions
prevail, the cartridge case scarcely moves before
frictional resistance begins to take effect. Motion will
continue until Eq. 2—11 is satisfied.

Abp = uA.p; (2-11)




where
A, = bore arca

A, = peripheral surface contact arca between
case and chamber

p = propellant gas pressure
p; = interface pressure of casc and chamber
u = coefficient of friction

With no initial clearance between the casc and chamber,
an approximate interface pressurc p; may be determined
by equating the inside deflection of thc chamber, due to
this pressure, to the outside deflection of the cartridge
case, due to both interface and propellant gas pressure,
when both case and chamber are considered cylindrical.
Solve for the interface pressure.

_»
pp= —f 2 - - 2-12)
ff_c.(W2+1)+V W, +1—v
E W-1) Wi =1
where

E = modulus of elasticity of chamber
modulus of elasticity of case

W = wall ratio of chamber
W, = wall ratio of case

v = Poisson's ratio (assumed to be equal for
both materials)

Spot checks indicate that those pressurcs which dilate
unsupported cartridge cases to the limit of their strength

:—DRIVING SPRING
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are rcasonably close to the difference in propellant gas
pressure and computed interface pressure. Thus
py = P-b; (2-13)

Ample clearance betwcen case and chamber is always
provided but is never so large that barrel recovery
exceeds case recovery after gas pressures subside;

otherwise, interference dcvelops, i.e., clamping the case
to the chamber wall and rendering extraction difficult*.

2—2 SIMPLE BLOWBACK

Simple blowback is the system wherein all the
operating energy is dcrived from blowback with the
inertia of the bolt alone restraining the rearward
movement of the cartridge case.

2—2.1 SPECIFIC REQUIREMENTS

Being restricted to low rates of fire because massive
bolts are needed for their inertial properties, simple
blowback systems are suitable only for low impulse,
relatively low rate of firc weapons?.

The restraining components of a simple blowback
mechanism are the bolt and driving spring, Fig. 2—2 isa
schematic of an assembled unit. Immediate resistance to
case movement offercd by the return spring is usually
negligible. This burden falls almost totally on the bolt. It
begins to move as soon as the projectile starts but at a
much lower acceleration so that the cartridge case is still
supported by the chamber until propellant gas pressure
becomes too low to rupture the case. To realize a low
acceleration, the bolt must be considerably heavier than
needed as a load-supporting component. In high impulse
guns, bolt sizes can be ridiculously large. The large mass,
being subjected to the same impulse as that applied to
propellant gas and projectile, will develop the same
momentum, consequcntly, its velocity and
corresponding kinetic encrgy will be comparatively low.
The slowly movingbolt confines the gun to a low rate of
fire.

4 P Dt yd Z
1
BOLT
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Figure 2—2. Schematic of Simple Blowback Mechanism
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/——— ALLOWABLE TRAVEL — —
'k_ |

(A) STANDARD CASE

(B MODIFIED CASE

Figure 2—3. Allowable Case Travel

Although the bolt moves slowly, it still permits the
case to move. The permissible travel while gas pressures
are still high enough to rupture an unsupported case is
indicated by Fig. 2—3(A) for a standard cartridge case.
Fig. 2—3(B) illustrates how a modified case can increase
the permissible travel. The geometry of chamber and
cartridge case are also involved. A slight taper or no
taper at all presents no problem but, for a large taper, an
axial displacement creates an appreciable gap between
casc and chamber, thereby, exposing the case to
deflections verging on rupture. Therefore, for weapons
adaptable to simple blowback operation, chamber and
case design takes on special significance if bolt travel is
reasonable while propcllant gases are active. For
high-powered guns, cxploiting this same advantage gains
little. How little cffect an increase in travel has on
reducing bolts to acceptable sizes is demonstrated later.

The driving spring has one basic function. It stores
some of the encrgy of the recoiling bolt, later using this
energy to slam thc bolt back into firing position and in
the process, cocks thc firing mechanism, reloads, and
trips the trigger to rcpeat the firing cycle. That the
driving spring storcs only some of the energy of the
recoiling bolt when firing semiautomatic shotguns, rifles,
and pistols is indicated by the forward momentum not
being perceptible during reloading whereas the kick
during firing is pronounced.

2-2.2 TIME OF CYCLE

The time of the firing cycle is determined by the
impulse created by the propellant gases, and by the bolt
and driving spring characteristics. The impulse f Fdr is
computed from the arca beneath the force-time curve. It
is equated to the momentum of the bolt assembly, i.e.,

24

Lt’ Fydt = Myvy Q= 14)
1
where
F, = propellant gas force
M, = mass of bolt assembly
vy = velocity of free recoil
dt = time differential

The mass of the bolt assembly includes about one-third
the spring as the equivalent mass of the springin motion.
However, the effect of the equivalent spring mass is
usually very smalland, for all practical purposes, may be
neglected. After the energy of frce recoil is known, the
recoil energy £, and the average driving spring force
become available

. J
E = E‘Mbe @-15)

The average force F; depends on the cfficiency of the
mechanical system

er,
where L = length of recoil or bolt travel
e = efficiency of system




2-2.2.1 Recoil Time

The bolt travel must be sufficient to permit ready
cartridge loading and case extraction. The initial spring
force F, is based on experience and, when feasible, is
selected as four times the weight of the recoiling mass.
The maximum spring force £,,,when the bolt is fully
recoiled, is

The spring force at any time of recoil is

F=F,+Kx

where K = spring constant

X

recoil distance at time ¢

At time ¢ the energy remaining in the recoiling mass is

1

2

My vy = ';'Mb v - 'i'(pox * % sz)

where E is the efficiency of the spring system. An
inefficient system helps to resist recoil by absorbing

energy.
dx
But v, = ar; ,therefore
dx 2 M, . 1 1 )
dt,_ My 2 vf_eFox—Ze Kx
Solve for dt,.
M
3 -
dt, =
M, 1 1
5 v%-?Fox - 2 Kx?
Set v, = vy, the initial velocity at time zero, and
integrate.

Z,

eM
= '\f—b Sin™!
K

F, + Kx

VFL + eKMyv?2
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(2—17)

Q-18)

(2-19)

(2-20)

Q-21)

(2-22)
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This computed time does not include the time while
propellant gases are acting. The exclusion provides
a simple solution without serious error. Since

m? = f (F,, T F,) and, by definition,

F,-F
K= —"—=and JF2 + kM2 = F

L [ m:

Therefore, the time clapsed during recoil ¢, fromx =
tox=711s

N T AN A A
FE\V K \2 "™ F,] " \Vk % F,-

2-2.2.2 Counterrecoil Time

The counterrecoil time is determined by the same
procedure as that for recoil, except that the low
efficiency of springs deters rapid counterrecoil. The
energy of the counterrecoiling mass of the bolt assembly
atany time £, is

M2 + e(Fopx - = Kx?)

1
E, = Mbv?:r=§ o )

=

where v, = initial velocity

v,, = counterrecoil velocity at any time
Since v, = d
» dtcr
M,
b
— dx
\ﬁ
dt, =
M
b €
\/z—v?, t eFpx - Kx?
Integrating
My, Kx-F,, -F,
t, =\/— [ Sin™ - Sin™
“ £ . . K
Fm + E Mbvo Fm + E MbV
When the initial velocity is zero, the time f., to
counterrecoil the total distance is
F

My -F, 3 M,
= i wad]l o L — = —_— -1 —
L' = oK <Sll‘l . ) 7% Cos

2—6

(2-23)

2-24)

(2-25)

(2-26)

2-27)




2-2.2.3 Total Cycle Time

The mass of the bolt assembly and the bolt travel are
the controlling elements of a simple blowback system.
Large values will decrease firing rate whereas the
converse is true for small values. The driving spring
characteristics are determined after mass and travel are
established. The total weapon weight limits, to a great
extent, the weight and travel of the bolt.

Because of the efficiency of the spring system,
counterrecoil of the bolt will always take longer than
recoil. The time ¢, for the firing cycle is

t, =t iyt (2-28)

where #; is time elapsed at the end of counterrecod until

the bolt mechanism begins to move in recoil. Since the
firing rate is specified. ¢, is
(2-29)

t, = 0 ,sec/round
I

where f, = firing rate in rounds/min.
Initial approximations of blowback parameters may
be computed by relating average spring forces and

acceleration to the recoil energy. The average spring
force F, needed to stop the recoiling mass is

2
_ €k _ eMy vy
o= 3 (2-30)
where, according to Eq. 2-15, E, = % Mbv; :
Since F, = eMpa,
F v
- —a_ __f _
“= o, T (2-31)

From the general expression for computing distance in

terms of time and acceleration, L = 4 a, tﬁ , the

o 2
recoil time becomes

o o= |2k o [ALZ _ g
r = - = .
a, !’; Lo

During counterrecoil, the effectiveness of the spring
force is reduced by the inefficiency of the system. This
force is

(2-32)

F, =¢F, = Mya, (2-33)
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where a,, is the counterrecoil acceleration. According to
Eq.2-30

= My a,, . (2-34)

Proceed similarly as for recoil

_ 2L _ [4L2 _ 2L
L ey e2v} vy

The approximate time of the firing cycle becomes

(2-35)

t, =41, =§f—L « +§ ). (2-36)

By knowing the required cycle time and the computed
velocity of free recoil, the distance of bolt travel can be
determined from Eq. 2—36. This computed distance will
be less than the actual because the accelerations are not
constant thereby having the effect of nceding less time
to negotiate the distance in Eq. 2-36. In order to
compensate for the shorter time, the bolt travel is
increased until the sum oft, and ¢,, from Eqs. 2—23 and
2-27 equals the cycle time.

t, =4 t ity

[eM,, [ M,
W 3(—) Cos-' *o. (2-37)
Fm

Substitute 2F, —F,, for F, and rewrite Eq. 2-37

2, - Fy

F

m

0s

IC J—
= K =
M
eM, + .

F, is computed from Eq. 2—30. Note that

/ /M,
t,/ eMy, -
€

is a constant for any given problem. Now by
the judicious selection of L (using Eq. 2-36 for
guidance) and K, the spring forces may be computed by
iterative procedures so that (1) when substituted into
Eq. 2-37 the specified time is matched, and (2) then
into Eq. 2-17 to check whether F, corresponds with
the computed value obtained earlier from Eq. 2—- 30.
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The aetual firing rate is determined from the final Interior Ballistics: Pressurevs Time (Fig. 2—4)
computed cycle time. Veloeity vs Time (Fig. 2—4)
5= 60 rounds/min 2-39) . .
L Weight of moving bolt assembly: 3 Ib

2-23 EXAMPLE OF SIMPLE BLOWBACK GUN

2-2.3.2 Computed DesignData
2-2.3.1 Specifications

The area beneath the pressure-timecurve of Fig, 2—4

Gun: 11.42mm (Cal .45) machine gun represents an impulse of
Firing Rate: 400 rounds per minute JFdt = 0.935 Ib-sec.
25
20
. |
8 I 1\ LVELOCITY
LJ ’ '/ 8
S5 [ -
ﬁ | pd
g N7
v \/ 6 &
g -
(& \ 8 =
- -
i0 -
2 / 3
2 Ji / \ L TRAVEL S4a
3 I AR tor
3 N1V >5
N
5 / \></ = §
/ P \\ 2 S
/ ) @
/ // "PRESSURE
Z y
4 /' -
0
OO 0.2 0.4 0.6 0.8 1.O
TIME, msec

Figure 2—4. Pressure-time Curve of Cal.45(11.42mm) Round
2-8
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The velocity of free recoil according to Eq. 2—14 is

ngdt 0.935x 3864
veE—M 2T = 120.41in./sec.

The recoil energy from Eq. 2—15is

-1 2 _ 1 3
Ey= 5 Myve =5 X 3553

x 14500= 563 in.-lb.

The time of the firing cycle for 400 rpm is

- 60 _
t. 300 - 0.15 sec.

From Eq. 2—36, the approximate bolt travel is

- 1 €\ _ 040\ _ .
L ) ’cvf<e+1) = —Zt x 0.15 x 1204 (0'40+1'0> = 2.58 in.

where € = 0.40, the efficiency of system.

K = 1.01b/in. is selected as practical for the first trials.
This value may be revised if the bolt travel becomes
excessive or other specifications cannot be met. From
Eq. 2—-30 the average spring force

el 0.40x 563

F, =—L- = T =872 1b.

From Eqs. 2—17 and 2--18 the minimum and maximum
spring forces are
F, . =F -

1 — =
" " KL =872-129=1743D

F, = F,+KL=743+258 = 10.011b.

Compute the characteristics of Eq.2-37

JeM, =\/%§g’§§ = /0.003106 = 0.0557 Ib-sec? fin.

My _ _i_ = /0.01941 = 0.1393 Ib-sec? /in.
€ 04x3864

The time of the firing cycle for K = 11b/in. is

My o Mo ) e Lo = (0.0557 +0.1393) — cost "
c K K | ¢ : 1393) \/,—COS 10.01
m

~
1]

0.195 Cos=' 0.74226 = 0.195 (4—2@) = 0.143 sec.

57.3

2-9
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therefore, to have ¢, = 0.15 sec, Cos-' }'— = (0.76923
m
rad and cos 0.76923 rad = (0.7185 so that

F, F,
F’; = m = 0.7185.
1 = —-0— - =
Since K = 1, FrL 0.7185 and F,, = 2.552L,
. 1 (Fy + Frp)L .
Also, since TF,L = —= - E, = 56.3in-lb

2F, +L = 2F, = 2040x56.3) _ 45.04

L L
Therefore

L?=17.379in? L=272in.

F, =6.941b F, =9.621b

The spring work W, =—-(F, + F,,)L = 22.52inb,

which matches the input. The time ¢, of the firing cycle
forK=1

My My Fo
5 K+€K osFm

~
I

6.94
= (0.557 + 0.1393) Cos- 962
( 43.83 )
= 0.195 Cos-' 0.7214 = 0.195 573

0.15 sec.

2-2.3.3 Case Travel During Propellant Gas Period

Casc travel while propellant gas pressures arc active is
found by numerically integrating the interior ballistics
pressure-time curve and the velocity-time curve of the

2-10

t | At | 4; FgAt Av | v v, Ax

t = time, abscissa of pressure-time curve

At=1, -1 _ |, differential time

4, = differential area under pressure-time
curve

F gAt =A4,4,, differential impulse
A, =bore arca
Av=F gAt/M 5 » differential velocity
M, = mass of bolt

v=ZAv velocity at end of each time incre-
ment

1 .
v, = "i’(vn +v, _,) averagevelocity for ecach
time increment

Ax=v 88 differential distance of case travel

x = ZAx, case travel during propellant gas
period

2-2.3.4 Sample Problem of Case Travel

The distance that the case is extracted as the pro-
jectile leaves the bore is determined by numerically
integrating the pressure-time curve of Fig. 2—4.

4 =% Dy = # x0457 = 0.159in? ,bore arca
32.2x 12F At 386.4F, At
Av = FgA/Mb = 3 = 3
= 128.8 F A

Ax¢ = 0.053 in.,, the case travel distance when the
projectile leaves the muzzle. This unsupported distance
of the case is still within the allowable travel illustrated
in Fig. 2-3.
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TABLE 2—-1. CASE TRAVEL OF CAL .45 (11.42 mm) GUN

t, At, A;, FgA t, Ay, v, Vg Ax,

msec msec Ib-sec/in 2 Ib-sec in./sec in./sec in./sec in.
0.1 0.1 0.07 0.011 1.4 14 0.70 0.00007
0.2 0.1 0.56 0.089 114 12.8 7.10 0.0007 1
03 0.1 173 0.275 354 482 30.50 0.00305
04 0.1 160 0.255 328 81.0 64.60 0.00646
05 01 0.88 0.140 18.0 99.0 90.00 0.00900
06 0.1 0.52 0.083 10.7 109.7 104.35 0.01043
07 0.1 0.36 0.057 73 117.0 113.35 0.01134
0.76 0.06 0.16 0.025 32 1202 118.60 0.01186
z 0.76 588 0.935 120.2 0.05292

2-23.5 DrivingSpring Design

Driving springs must be compatible with operation
and with the space available for their assembly, two
factors that limit their outside diameter, and assembled
and solid heights. The driving springs must also be
designed to meet the time and energy requirement of the
firing cycle and still have the characteristics that are
essential for maintaining low dynamic stresses. The
criteria for dynamic stresses have been established by
Springfield Armory*. The procedures in the subsequent
analyses follow these criteria.

The spring design data developed for the firing cycle
calculations are

K = 1.0 Ib/in., spring constant
F, =694 Ib, spring force at assembled height
F,, =962 1b, static spring force at end of recoil
L =272 in,, bolt travel

t, = 0.15 sec, time of firing cycle

t, =<Q-_?%7)tc = 0.0428 sec, time of recoil
0. (sce par. 2-2.3.2)

v = 1204 in./sec, spring velocity of free recoil
According to the theory of surge waves in springs, the

dynamic stress increases only slightly over the static
stress if the following conditions exist:

167 <%z < 20when 25 <v; <50 fps
(Ref. 4)

333 < & <40 when20 <v; < 25fps
T Ref. 4)

T
50 < =% < 6.0whenv, <20 fps
Ref. 4)

where T' = surge time
T, = compression time of spring

v; = impact velocity, ft/sec

The impact velocity of 50 ft/sec should not be
exceeded, neither should the velocity be less than the
lower limit of each range, however, the limits of the
ratio L= need not necessarily be restricted to the two

T
lower ranges. For instance, if speeds are less than 20
ft/sec, the limits of Le may be shifted to the upper range
T
which varies between 3.33 and 4.0, or even to the first
range of limits 1.67 to 2.0. For speeds between 20 and
25 ft/sec, the limits of the ratio may be shifted to the
upper range that varies between 1.67 and 2.0.

The surge time, in terms of spring characteristics is®

2
T = 355x107° (—Q)N (2—40)

d
211
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where d = wire diameter
D = mean coil diameter

N = mumber of coils
Refer to the spring design data.
T, = ¢, = 0.0428 sec, compression time of spring

Select—c =3.8,0r
T

T.  0.0428
T = 38 = —38 = 0.01125 sec

k=g o W= 2L Ref 6) @-41)
8D*N 8D*K
where G =torsional modulus (11.5 x 108 Ib/in? for
steel)
K = spring constant
Substitute the expression for 5, of Eq. 241 into Eq.

2-40,1insert known values, and solve ford

d =027 v DKT

(2-42)

When D =0.5 in., and K = 1.0 (from spring data)

3
d=027 vV 05x1.0x001126 = 0.048in

From Eq. 2—-41
4 6 -8
N = Gd* _ 115x10°x530x10 = 61 coils
8D°K 8x0.125x 1.0

H, = Nd = 61x0.048 = 2.93 in,, solid height.

The static torsional stress 7 is®

8F, D 8x9.62x 0.5
r= = = 110,0001b/in?
nd® 111x10°% 7

(2-43)
2-12

According to Eq. 34 in Ref. 4, the dynamic torsional
stress 1S

74 = (2-44)

|

-
———
S
S

&1‘
—
S
S —

116,000 1b/in?

14 110,ooo(l )4 =

38

This stress is acceptable since the recommended maxi-
mum stress for music wire is 150,000 Ib/in? In Eq.

T
2—44,f ( ;f)is the next largest even whole number

larger than the value of —£ if this ratio is not an even
whole number. T

2-3 ADVANCED PRIMER IGNITION BLOW-
BACK

Timing the ignition so that the new round is firedjust
before the bolt seats gives the first part of the impulse
created by the propellant gas force opportunity to act as
a buffer for the returning bolt. The rest of the impulse
provides the effort for recoiling the bolt. The system
that absorbs a portion of the impulse in this manner is
called Advanced Primer Ignition Blowback. This system
has its artillery counterpart in the out-of-battery firing
system, i.e., the firing of the artillery weapon being
initiated during counterrecoil but with the breechblock
closed.

2-3.1 SPECIFIC REQUIREMENTS

By virtue of its ability to dispose of the carly
influence of propellant gas force on recoil, the advanced
primer ignition system is much more adaptable to high
rates of fire than the simple blowback system. Reducing
the effectiveness of the impulse by fifty percent alone
reduces the bolt weight by a factor of two with a sub-
stantial increase in firing rate.

The restraining components may be considered as real
and virtual; the real being the bolt and driving spring; the
virtual, the momentum of the returning bolt. Fig. 2-5 is
a schematic of the advanced primer ignition system. The
firing cycle starts with the bolt latched open by a sear
and the driving spring compressed. Releasing the sear,
frees the bolt for the spring to drive it forward. The
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Figure 2—-5. Schematic of Advanced Primer Ignition System

moving bolt picks up a round from the feed mechanisms
and pushes it into thc chamber. Shortly before the
round is seated, thc firing mechanism activitates the
primer. The firing mcchanism is so positioned and timed
that the case is adcquately supported when propellant
gas pressures reach case-damaging proportions. The case
and bolt become fully scated just as the impulse of the
propellant gas force equals the momentum of the return-
ing bolt. This part of the impulse is usually approxi-
mately half the total, thus establishing the driving spring
characteristics.

As soon as forward motion stops, the continuously
applied propellant gas force drives the bolt rearward in
recoil. During recoil, the case is extracted and the driving
spring compressed until all the recoil energy is absorbed
to stop the recoiling parts. If the sear is held in the
released position, the cycle is repeated and firing con-
tinues automatically. Firing ceases when the sear moves
to the latched position.

2-3.2 SAMPLE CALCULATIONS OF ADVANCED
PRIMER IGNITION

2-3.21 FiringRate

To illustrate thc effectiveness of advanced primer
type performance, start with the same initial conditions
as for the simple blowback problem with the added
provision that half thc impulse of the propellant gas is
used o stop the returning bolt just as the cartridge seats.
Thus

0935 0.46751b-sec

nga't =

Egs. 2—14 through 2—39 are again used. Since only half
the impulse is available to drive the bolt in recoil, its
mass must be reduced by half in order to retain the
120.4 in./sec velocity of free recoil. Thus the weight of
this bolt assembly is specified as 1.5 Ib and

, A

0.4675 x 386.4

M, - 15 = 120.4in.[sec
1, ,_ 1  _15
Er 2 Mb”f > 386.4 x 14500
= 28.2in.-1b

According to Eq. 2—36, the approximatc bolt travel
is the same (2.58in.) as that for thc simple blowback
gun in the preceding problem. Again, as in the carlier
problem, the 2.58 in. bolt travel docs not yield totally
compatible results and must be modified to meet the
rate of fire of 400 rounds per minute or the cycle time
oft, =0.15 sec.

Since the initial dynamic conditions, impulse and
energy of recoil are half as much as those of the pre-
ceding problem, the spring constant must also be half in
order to have the same bolt travel. Eq. 2—37 shows the
firing cycle time to be

€M, M
(V3 - e 2

2-13
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_L5 Ibsec®

SinceK = 0.51b/in., & = %64 in

0.40, M, =

and?, = 0.15 sec,

£ _ EFHSL = cos [(%)57?]

= cos44°04" = 0.7185

Solve forFo
F,=12762L.
Also
2¢E,
2F,+ KL=2F,+05L=2F,= —I~
2x04x282
- 7 .

Substitute for F, and collect terms

2o 2256

= in2
T

L=272in.
F,=3471b

F,=4831b

Recompute the time for the firing cycle
€ M b Mb 1 F, 4]
. \/ -7<— + 3 [ K Cos F.

347
4.83

~
1)

0.195 Cos-’ ( ) = 0.195 x0.769 = 0.15 sec

Another approach illustrates the advantage of
increasing the firing rate by incorporating the advanced
primer technique. The length of recoil in the preceding
problems was selected to balance the dynamics of the
problem and is not necessarily the ideal minimum dis-
tance. Suppose that the ideal bolt travel is 1.5 in. and
that the recoil force of the simple blowback gun is
acceptable. The mass of the bolt is adjusted to suit the
requirements.

2-14

ngdt =0.4675 Ib-sec

F, =749 1b, minimum spring load, simple
blowback

F,, =10.081b, maximum

F,-F, 259
K= —2L-2 - 45 = 1.7271b/in.

e = 0.40, efficiency of spring system
The work W, done to compress the springsis

1 _ .
W= —2-(Fo + F,)L =8785x 15 = 13.18 in.-Ib.

s

The velocity Ve of free recoil is

[ dt  glFdt

(i
The recoil energy £, = iMb 2 = —1—(%) v
r 2 f 2 & f

Substitute for v f

E, -ZI-Ungt)QTi— )

When the efficiency of the system is considered, the
spring work is

W, =04E, or E, = 25W,.

Substitute for £, and solve for W, , the weight of the
bolt

1 g
25Wy = 5 (JFgdt)? W,

3295 = L 0.2185 3864
. = 5 x0. W,
_ 42214 _
Wy =*559: = 1281,
The velocity of free recoil becomes
glFgdt 3864 % 04675 .
v = W, = 1281 = 141 in.[sec
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The recoil energy £, = %(Mv}) = —21- (%) 19880 = 32.95 in.-Ib.

The time of a finngcycle is
GMb Mb %-
= — ++\[— -
fe K ek | ©°3 n = 0.0970x0.733 = 0,071 sec
m

where

/eM 0.40 x 1.281
'1?11 = \[ TR - J 0.000768 = 0.0277

A X

i, 1281
K - \/040x 1727x3864 ~ V 000480 =0.0693

== m = 845rounds/min.

2-3.2.2 DrivingSpring Design
The driving spring for the advanced primer ignition
blowback gun has been assigned the followingcharacter-
istics to comply with the requirements of the firing cycle
for the simple blowback gun:
K =0.5 Ib/in., spring constant
F_ =348 Ib, spring force al assembled height
F,, =485 Ib, spring force at end of recoil

L =2.73 in., bolt travel

t, =T, = 0.0428 sec, compression time of

spring

vp=v; = 120.4 in.fsec, velocity of free recoil,
spring impact velocity

2-15
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T, 0.0428

Select—T- = 3.8, Therefore, T = T= 0.1126sec.

When D = 0.5 in., accordingto Eq. 2—42

d =027 \3/ DKT = 0.27 \3/ 05x0.5x0.01125 = 0.038 in.

From Eq. 2—41
_Gd* _ 115x10° x 208 x10°®
N = - = 48 coil
8D3K 8x0.125x0.5 cons
H, = Nd = 48x0.038 = 1.83in,, solid height.

The static torsional stress, Eq. 2—43, is

8F,D  8x485x05
;= . - 113.000lbfin?
nd® 548 x 10757

Eq. 2—44 has the dynamic stress of

T T\| _ of ! .
a= 1\ |7 {7 )] = 113000{ 35 )4 = 119.0001b/in

The driving spring for the advanced primer ignition
when the recoil force is equal to that of the simple blow-
back gun has the followingcharacteristics:

K = 1.7271b/in., spring constant
F, =749 1b, spring force at assembled height
F_ = 10.081b, spring force at end of recoil

L =1.5 in., bolt travel

t,=T, = 0.0203 sec, compression time of

spring

Ve v = 141in./sec, velocity of free recoil

2-16




T, 0.0203
Select T ° 3.8. Therefore, 7 = 38

When D = 0.5, accordingto Eq. 2—42

AMCP 706-260

= 0.00535 sec.

d =027y DKT = 0.27 \3/ 0.5 x 1.727 x 0.00535 = 0.045 in.

From Eq.2-41

11.5x10% x 41 x 1077
8x0.125 x 1.727

g
N = Lt
SD3K

= 27.3 coils

H, =Nd = 273 x0.045 = 1.231n., solid height.

The static torsional stress, Eq. 2—43, is
8F,D 8x10.08x0.5

TR 9l1x10%n

The dynamic stress, Eq. 2—44, is

T f 7“\
q=1|7 7 )| = 141000

2-4 DELAYED BLOWBACK

Delayed blowback is the system that keeps the bolt
locked until the projectile leaves the muzzle. At this
instant an unlocking mechanism, responding to some
influence such as recoil or propellant gas pressure,
releases the bolt thereby permitting blowback to take
effect.

2-4.1 SPECIFICREQUIREMENTS

Since the tremendous impulse developed by the
propellant gases while the projectile is in the bore is not
available for operating the bolt, the recoiling mass —
including driving, buffing, and barrel springs — need not
be nearly so heavy as the two types of blowback dis-
cussed earlier.The smaller recoiling mass moves relatively
faster and the rate of fire increases correspondingly.

= 141,000 Ib/in?

1

—_ - . 2
I8 4 = 148,500 Ib/in

Delayed blowback guns may borrow operating principles
from other types of action, e.g., the piston action of the
gas operating gun or the moving recoiling parts of the
recoil operating gun. In ecither case, only unlocking
activity is associated with these two types, the primary
activity involving bolt action still functions according to
the blowback principle. Fig. 2—6 shows a simple locking
system.

Like any other automatic gun, bolt action is con-
gruous with timing particularly with respect to unlock-
ing time. If recoil operated, distance also becomes an
important factor. For this type gun, the barrel must
recoil a short distance before the moving parts force
open the bolt lock. Sufficient time should clapse to per-
mit the propellant gas pressure to drop to levels below
the bursting pressure of the cartridge case but retain
enough intensity to blow back the bolt.

217
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Figure 2—6. Locking System for Delayed Blowback

The stiffness of the springs should not be so great as
to interfere unduly with early rccoil. Therefore, a system
consisting of three springs is customarily used: (1) a
barrel spring having an initial load slightly larger than the
recoiling weight to insure almost free recoil and still have
the capacity to hold the barrel in battery, (2) a buffer
spring to stop the recoiling parts and return them, and
(3) abolt driving spring to control bolt activity. Before
the bolt is unlocked, all moving parts recoil as one mass
with only the barrel spring resisting recoil but this spring
force is negligible compared to the propellant gas force
and may be neglected during recoil. After the bolt
becomes unlocked, the barrel spring combines with the
buffer spring to arrest the recoiling barrel unit.

The unlocked bolt continucs to be acceleratedto the
rear by the impetus of the decaying propellant gas pres-
sure whose only resistance now is the force of the driv-
ing spring, a negligible resistance until the propellant gas
pressure becomes almost zero. Thereafter, the spring
stops the bolt and later closcs it. Normally the barrel
unit has completed counterrecoil long before the bolt
has fully recoiled to provide the time and relative dis-
tance needed for extracting, ejecting, and loading. After
the barrel unit is in battery, the bolt unit functions as a
single spring unit.

2-4.2 DYNAMICS OF DELAYED BLOWBACK

While the complete unit is recoiling freely and later
while all springs are operating cffectively, the dynamics
of the system arc readily computed by an iterative
process. Given the pressure-time curve, by knowing the

218

size of the masscs in motion, the dynamics at any given
time are determined by the summations of computed
values for all preceding increments of time. The impulse
during each increment is

FAt=A,4, (2-45)

where Ay =bore area

A, = arca under At of pressure-time curve
At = time increment

When the impulse is being determined during low pres-
sure periods duc consideration should be given to the
resistance offcred by the driving spring. FgAt should be
adjusted after the driving spring and gas pressure forces
become relatively significant. During each increment, the
differential velocity is

F At

M,

r

Av = (2-46)

where M, = mass of the recoilingpartsinfluenced by
FAt

The velocity of recoil at the end of each increment
becomes

Vo=V t+ Av (2-47)

where Ven - 1y = velocity at the preceding increment




The distance traveled by the bolt with respect to the gun
frame during the increment is

1
Ax = v,At = (v(n_ n*ty Av) At

where v, = average velocity for the increment.
The total distance at the end of each increment is

x = ZAX.

When the propellant gas pressures cease to be
effective, the behavior of the barrel and bolt units
depend entirely on springs. One such instance involving
the buffer spring occurs when the bolt is unlocked.
Although the gas pressure continues its effective action
on the bolt, it can no longer influence the barrel unit
except sccondarily through the driving spring. Rewrite
Eq. 2-19 for the isolated barrel unit and include the
influence of the driving spring. Thus, the energy
remaining in the recoiling mass is

1
(Mtvtz) = 'Z‘(Mtvgt) -

[y

where F = drive spring force

F,, = initial buffer spring force

K, = spring constant of combined buffer and
barrel springs

M, = mass of barrel unit
v, = initial velocity of barrel unit

v, = final velocity of barrel unit

x, = travel of barrel with respect to gun frame

¢ = efficiency of drive springunit

¢, = cfficiency of buffer spring unit which in-
cludes the barrel spring

The buffer spring performs in unison with the barrel
spring. During counterrecoil, at the end of buffer spring

1 1 1
o - 5(""b"3)] +(Fn)
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(2-48)

(2—49)

(2-50)

travel, the barrel spring continues to accelerate the barrel
unit in its return to battery. During recoil, the propellant
gas force is so much larger than the barrel spring force as
to render the latter practically ineffective. Except for
the last millisecond or two, the bolt driving spring also
offers a negligible resistance to the propellant gas force.
However, it does contribute a small force opposing the
buffer spring and is represented in Eq. 2—50 by the

.1 . L
expression Fxt>, the effective force of the driving

spring. The actual spring force # may be assumed
to be the driving spring force at the time when the
bolt is unlocked. Preliminary estimates should provide
reasonable approximations at this stage of the design
study.

An cquation can be derived for the recoil time of the
barrel unit by developing Eq. 2-50 by the same
procedure used for Eq. 2—19. The recoil time for the
barrel after bolt unlocking until pressure becomes zero is
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€y My

S

rt

Ky

where x, =barrel travel from time of buffer engage-
ment to end of propellant gas period

All values are known except x,,. Since ¢,, is the time
elapsed from bolt unlocking to pressure cffectiveness
reaching zero, this distance may be computed from Eq.
2-51. It represents the buffer spring deflection. The
total barrel travel with respect to the frame is

Xp = Xgo + Xyp (2-52)

where x ;¢ = barrel travel during free recoil.

The amount that the driving spring is compressed,
while the barrel traverses x,, is the relative travel
distance between barrel and bolt, thus

Xp =X - X (2-53a)

In terms of differential values, the equation becomes

Axp, = AX - Ax; (2-53b)

On the assumption that the recoil velocity of the
bolt has been computed at the time corresponding to
X;,, the energy of the bolt can be computed and
converted to the potential energy of the driving spring
from which the spring forces may be determined. The
average driving spring force over the remaining
distance, Eq. 2—16, is

EEb
Ly - xp

F

a

(2-54)

where Ej is calculated according to Eq. 2—-15 and
Ly - xp is the spring deflection remaining at the end of
free recoil of the bolt.

2-20

eb 2 2
Fop - e F + KMy,

(2-51)

For the remainder of the buffer stroke and for the
time that the barrel unit is counterrecoiling, the
dynamics of the system may be computed by dividing
the time into convenient intervals, and by use of the
relationship existing between impulse and momentum,
computing the dynamics for ecach corresponding
increment of travel. Both recoil and counterrecoil of
the barrel take place while the bolt is recoiling which
changes the effective buffer spring forces for the two
directions. The expression of the driving spring
effective force does not change since the bolt travel
direction does not change. The force of the driving
spring at the end of each increment of travel is

F=Fg_, + KAx, (2-55)
where
F, - Y = Qﬁving spring force at beginning of
Increment
K = driving spring constant
Axp = incremental driving spring deflection

The buffer spring force at the end of its increment of
travel is

Fb = Fb(n - 1) + Kbet (2—56)
where
Fyn-1) = buffer spring force at beginning of
increment
K; = buffer spring constant which includes
the barrel spring
Ax, = incremental buffer spring deflection




The effective spring force on the bolt while it is
recoiling is

_F  Fy-y,
Fp = —F—

The effective spring force on the barrel while it is
recoiling is

R R TS F
Fep = 2¢, - fe

According to the relationship of impulse and
momentum, Fdf = My, the general expression for
differential velocity is

Based on this expression, the bolt travel during cach
increment is derived in a sequence of algebraic
expressions. Thus

1 F,Af
Ax =Vin - l)At —g(AvAt)—v(n_ I)At - A

F, - l)At2 KA
Ax =V - l)At - 2eM, - 2eM, Axy.

But Axp, = Ax - Ax, (scec Eq. 2-53b). Substituting
this expression and collecting terms, the incremental
travel of the bolt becomes

4€Mb F(n__ I)At2

KAP?

4eM, + KA 2eM,

d

4eM,

)Axt .
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(2-57)

(2-58)

(2-39)

(2—60a)

(2—60b)

(2—60c)
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The incremental travel for the barrel is a similar
expression

1 FAf

Axt=v,(n._l)At- E(AvtAt)=vt(n_,)At— 2Mt

AP Fy, Ky Ax F, -
Ax, = vy - Al-——ﬂn'u'**b*”l"——ﬁ——("'l)-'%
tn - 1) 2Mt| ¢

Again substituting Ax - Ax, for Ax, and collecting
terms, the incremental travel of the barrel in recoil is

4€ebMt

Ax, = Vt(n _ 1)At _ .Fb(ZQb%.At2. + ‘F(IIZGM}‘AIQ +

4€€bMt + eKbAt2 + GbKAtz

While the barrel is counterrecoiling, and the bolt
recoiling, the effective spring force on the barrel is

eb F(n -1) KAxb
Feb = ebe - Fe = ebe(n -1) ~ (7 )Kbet - e - 2e

The incremental travel of the barrel now becomes

1 FAf

AXy = ¥y -1y 8L+ ?( A”tA') = Vi -8t Ty

t

Gbe(n -1) At2 ebeAt2 F(n -1) At2 KAtz

Axp = i~y AT * M, N )N T T mem, 4eM,

Substitute Ax - Ax, for &x,, collect terms and solve
for Ax,

4€Mt ebe(n -1) At2 _ F(n - I)Atz

(2-61a)

(2-61b)

(2-62)

(2—63a)

(2—63b)

Ax, = Ve - 1y At +
*7 4eM, + e,k 08 - Kag | 0T 2M, 2eM,

2-22
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While both bolt and barrel are counterrecoiling, the
effective spring force on the bolt is

Fe = G(F+Fn_ l)/’Z = GF(n_l) - GKAXb/Z.

Now, substitute for £, and expand Eq. 2—60a so that

GF(n_l) eK 2
Ax—v(n_l)At— _W_ m; Axy A

But, according to Eq. 2-53b, Ax, = Ax - Ax,,
therefore

M, aM, aM,

eF(ﬂ‘]) ek eK
Ax = v - At - | ——— |88 + | o5 JA2 Ax - | - | AR Ax,.

Collect terms and solve for Ax

4M, eF, _ AL eKAZ
b
Ax = —————— | v, ) At - 1) - Ax,
4M, - e KAt 2M, aM,

The effective force on the barrel during this period is

Kbet KAxb
Fb=€be-Fe=eb Fb(’l‘l_)— ) - € F(IZ—1)_ 2'—' .

[

The incremental barrel travel is, according to Eq.
2—63a

FopAf?
8% = Vi - ) AL -

Substitute the expression for F,; of Eq. 2—65b,
Ax - Ax, for Ax,, and collect terms. The incremental
barrel travel now becomes

M, [ lebe(n 1) J
Ax, = ALLCuLU P

4M, + (eK + eyKp) AL i Ven - 1) B L 2M,

eF(n - 1) eK
- —_ 2 b — 2
[ 2, At an, At*Ax
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(2—64a)

(2—64b)

(2—64c)

(2—64d)

(2—652)

(2—65b)

(2—650
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To avoid repetition, gencral expressions arc used to
complete the analysis. The distinction between bolt
and barrel activities will be demonstrated later in the
sample problem. The spring force at the end of each
increment is computed by Eqs. 2—55 and 2—56. The
total cnergy absorbed by a spring system over a
distance Ax is

F, _ .\ +F
AE = [ Lty - ]Ax. (2—66a)

2e

The energy released by a spring system over a distance
Ax is

AE=e[ F(n—1)+F ]Ax.

> (2—66b)

The total energy at the end of the increment is found
by adding the incremental energy to the total at the
end of the preceding increment when energy is
released, or subtracting when it is being absorbed.

E=Ey-, t AE (2-66¢)

=. |2E
v =\ (2—66d)

2—-4.3 SAMPLE PROBLEM FOR DELAYED
BLOWBACKACTION

2—4.3.1 Specifications
Gun: 20 mm machine gun

Firing rate: corresponding to minimum
bolt travel

Interior ballistics: Pressure vs Time, Fig.
2-7

Ay = 0515 in? ,bore area

2-4.3.2 Design Data

L = 10in., minimum bolt travel
Wy, = 10 Ib, weight of bolt unit
W, = 50 Ib, weight of barrel unit

2-24

X;, = 0.5 in, recoil distance to unlock bolt

ey
n

0.5, efficiency of driving spring unit

= 0.3, efficiency of combined buffer
and barrel spring system

)
o
|

€, = 0.5, efficiency of barrel spring unit

Table 2—2 has the numerical integration for a recoiling
weight of 60 1b. In Table 2—2, the area A; is measured
under the pressure-time curve, Fig. 2—7

F At = AyA; = 05154; lbsec

F At
_ £
Av = M,
= 6.44 FAtin/sec whent < 0.003252 sec
where
W, 60
M = % 3864
F,At
Y it
Av = A
= 38.64 F,Ar in/sec when t =0.003252 sec
where

When the bolt is unlocked at # = 3.252 msec, the
velocity attained by the recoiling parts is 232.3 in./sec
(see Table 2-2).

The energy of the barrel unit at this velocity is
1 _ 1 50
Ep =7 ( Mpf ) B 7( 386.4 )53960

3491 in-lb.

1t




AMCP 706-260

55

50

. /1IN

40 \

35

P sl

\ PRESSURE DECAY

NS o
v

PRESSURE , kpsi

Qo

n
(4]
D
¢ ]
N
-~

TIME , msec

30

25

T ——

20 I

CHAM3=R PmM=SSUR=, kpsi

15 2.0

TIME, msec

Figure 2—7. Pressure-time Curve of 20 mm Round

The velocity attained by the bolt at the end of the
pressure period, ¥ = 285 in./sec (see Table 2—2). The
encrgy of the bolt is

L 2\ 4L 10

1051in.-1b.

On the assumption that the driving spring system
absorbs this energy over its total deflection of 10 in.,
the average force is

a - L 10

= 526 1b.

Earlier, a spring constant of K=3 appeared practical,
but the resulting stress was too large. Also an earlier
attempt at having a buffer stroke of half an inch
proved impractical from the dynamic stress point of
view. Incrcasing the stroke to one inch and applying
recommended dynamic spring behavior, meanwhile
retaining an acceptable firing rate, led to a feasible
spring constant for all three springs — driving, buffer,

2=-25
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and barrcl. The allowable static shear stress of the
spring is

(see Eq. 2—-43)

2
Since T = 3.55x 107% (% )N (Ref. 1)and

Ga*
= SKD? (see Egs. 2—40 and 2—-41)

3
substitute for T and N and solve for a in the

equation for 7 and T. D

where G= 11.5 x 10° Ib/in? ,torsional modulus

7= 135,000 Ib/in? | allowable static shear stress

(2—67b)

Based on constant acceleration, an approximate time
of spring compression will, in most applications,
determine a spring constant compatible with both
spring dynamics and allowable stresses. The
approximate time of bolt recoil is

Thus
& 8F, KT 2-67a) C 2, 210)
D  nr 3.55x 10°5¢G t, = 7= 285" = 0.070 sec.
TABLE 2—2. RECOIL TRAVEL OF 20 mm GUN

t, At, Ai' FgA t, Av, v, v,’ Ax, X,
msec msec  Ib-sec/in?  Ib-sec in.fsec  in.[sec in./sec in. in.
0.25 0.25 3.44 1.77 114 114 5.7 0.0014 0.0014
0.50 0.25 10.15 5.24 33.7 45.1 28.2 0.007 1 0.0085
0.75 0.25 11.89 6.13 395 84.6 64.8 0.0162 0.0247
1.00 0.25 11.12 574 37.0 121.6 103.1 0.0258 0.0505
125 0.25 9.25 4.76 30.6 152.2 136.9 0.0342 0.0847
1.50 0.25 7.30 3.76 24.2 176.4 164.3 0.0411 0.1258
1.75 0.25 5.23 2.69 17.3 193.7 185.0 0.0462 0.1720
2.00 0.25 3.71 1.91 12.6 206.3 200.0 0.0500 0.2220
2.25 0.25 2.58 1.34 86 2149 210.6 0.0526 0.2746
2.50 0.25 1.82 0.94 6.1 221.0 218.0 0.0545 0.3291
275 0.25 1.39 0.72 4.6 2256 2233 0.0588 0.3849
3.00 0.25 1.06 0.55 35 229.1 227.4 0.0569 0.4418
3.252 0.252 0.97 0.50 32 232.3 230.7 0.0582 0.5000
4.00 0.748 1.37 0.70 27.0 2583 245.3 0.1838 0.6838
5.00 1.00 0.97 0.50 19.3 278.6 269.0 0.2690 0.9528
6.00 1.00 0.32 0.165 6.4 285.0 281.8 0.2818 1.2346
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Since v < 25 ft/sec, (see par. 2-2.3.5), -%C = 3.8,

T, =t and F, = F,+— (KL) (Eqs. 2-17 and
r m a 2 q

2-18), Eq. 2—67b, after T,/3.8 is substituted for T,
becomes

F, £ 0.5KL

KT, = =55
_ B2.6+ 5K
0070k = 52225

Solve for K, thus

K = 326 = 3.72lb/in.
1411

"y
n

F, +

(KL) =526+5x3.72 = 7121

M-

g =F,-KL="T1.2-37.2= 34.0lb.

Compute ¢ from Eq. 2—23

My
K

0.5 x 10 340
= [RI2386 4 Ot | —
372 x 386.4 712

61.5
0.059 3573 /° 0.063s¢ec.

Recomputing by inserting the newly calculated time ¢
for T,, the data converge to K = 4.4 1bfin. and ¢ =
0.062sec.

Cos™

FO
Fr

The first set of detailed calculations (not shown)
yielded a bolt recoil time of ¢ = T, = 51.5 msec. For
this time, the computed spring constant of K = 5.8
Ibfin. becomes the final value for computing the
dynamics of Table 2—3.

The spring constant of the buffer system is found
by assuming that the energy £,,=3491 in-lb will be
absorbed over the 1l-inch buffer stroke. Later,
adjustments will be made to compensate for the small
discrepancies involving the spring forces. The time £,
of buffer action during recoil is

AMCP 706-260

2L,  2x10
ty _ v, = 2323 — 0.0086sec
where L, = buffer stroke

v = recoil velocity of barrel when buffer
is contacted

The average buffer force Fy, is

Fop gﬁm _ 0.3x 3491

- - 1.0

= 1047 Ib.

Follow the same procedure for the buffer as for the
driving spring

Fo,+05K,L,

KyTe = 73
273 x 0.0086Kb = 1047+ 0.5K,.
Solve for K, thus
K, = % = 566 Ib/in.,, buffer spring
constant

F,, = 1047 + 283 = 1330 Ib, max buffer
force

F,, = 1047 - 283 =
force

764 b, min buffer

Compute ¢, from Eq. 223
€M, F

t, = Cos-l Lob.

b \/ Ky Fmb

) 0.3 x50 L[ 76
“\/566x 386 > | 1330

Recompute Kp, by inserting the time 0.0079 sec for
T,.. The new value of the spring constant K, is 630
Ib/in., but the new time remains £, = 0.0079 sec.

= 0.0079sec.
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The spring constant for the barrel spring is
computed similarly but in this instance the spring force
at the assembled height is set at F,, = 70 Ib, a minimal
value so that rccoil distance and velocity are
appropriate for bolt action. The time of barrel spring
compression is the same as that for the buffer plus the
propellant gas period.

t, =ty + ¢ = 0.0079+0.006 = 0.0139 sec

The barrel spring has an operating deflection of L, =
2.0 in,

Fpy = For “K,L; = 70 " 2K, *max barrel spring force
T, 0.0139
With 7 = 38 = 33 sec,

Eq. 2—67b may be written as

70 + 2K,
0.0139K, = 273
Thus
70 . .
K, = 18" 39 Ib/in., barrel spring constant
F,,, = 70 %78 = 148 Ib, max barrel spring force

Before recomputing time ¢,, according to Eq. 2-23,
some allowance must be made for the effective barrel
mass. Since both barrel and buffer springs are active
over the buffer stroke, a logical distribution can be
arranged according to the average spring forces. The
effective mass for the barrel spring is

W, [ Foy+Fn, \ 50/ 218\ 52

M = —
M 4

€M, Fo,
—-— _l ——————
e = V X Cos Font

0.5x5.2 70
39 x 386.4 cos-'

Fop* Fpp g

2096 |/ g

148

61.8
0.0132 573 = 0.0142sec.
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Substitute the new value of T, = t, and compute. The
time and spring constant coverge to ¢, = 0.0143 sec
and K; = 37 Ib/in., and F,, = 144 Ib. The buffer spring
constant is

Ky, = K- K, = 630- 37 = 593 1b/in.

Now that the constants of all three springs are firmly
established, more exact values of the minimum and
maximum spring forces of the buffer spring system are
computed. Since the driving spring does deflect while
the propellant gas pressure is still effective, less than
the full spring deflection is available to absorb the bolt
energy. For this reason, increasing the initial load to
F, =25 1b for early estimates seems advisable. This
spring force became effective and therefore is included
in Table 2—2 after the 4 msec interval. In the
meantime, the driving spring transfers some of the bolt
energy to the moving barrel. The average driving spring
force after bolt unlocking until, the barrel stops
recoiling is approximately 27 Ib.

F, ,
E, = E e Ly

27

= +{ — = in -
3491 (0_5 )1.5 3572 in.-lb

where [/ is the barrel travel after the bolt is
unlocked. From Table 2—2, when 7 = 3.252,x = 0.5,
then L; =L,-x=2.0-05=15in

The energy absorbed by the barrel spring over the
half-inch travel before the buffer is contacted is

(88.5 +107)0.5
= 2x05

AE

I [& +F)AL
jfe

98 in.-Ib

where F,' and F,” are the barrel spring forces at

half-inch and one-inch travel positions, respectively.

The average force of the buffer spring system found
according to Eq. 2—30 is

ey (E; - AE,) _ 0.3x 3474
Fop = Ly 1.0

= 10421b.




The initial force of the buffer spring system is

Foy = Fy- %(K,,L,, )= 1042-%( 630 )1.0 = 7271
Fops = Fyp - <F0,+ 1.01<,> = 6201b

where K, = 630 Ib/in., the buffer spring system
constant.

The maximum buffer spring system force is

Fop = Fop +KpLy = 727+630x1.0 = 13571b

m 0

=F

m

b~ Fmp = 12131b

mbs

The impact velocity of the barrel on the buffer spring
is

2(E, - AE,) 2(3572-98)386.4
v; = o, = 50 = 231.7 in./sec.

The bolt is unlocked at 3.252 msec and continues
to be accelerated until 6 msec. During most of the
remaining time of 2.748 msec the barrel spring is the
sole resistance to barrel recoil. After the barrel recoils
a half-inch farther, the barrel spring is joined by the
buffer spring. Based on Eq. 2—51, the time increment
for this half-inch travel is

n_ (& v (&
e, M, F-(=)F F} -(—)F
At = Sin™! — % - gip? ——F&—
r K, z z
o] 05x50 | f 82\ o Lf 635
37 x 386.4 [S‘“ (369) Sin ( 369 )]

A, = 0.0418(12.84 - 9.91)/57.3 = 0.002137 sec

AMCP 706-260
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where F

25 Ib, estimated driving spring force
during period

F/ = 88.5 Ib, barrel spring force when bolt
is unlocked

F/= 107 Ib, barrel spring force when
buffer is contacted

e = 0.50, efficiency of driving spring

¢ = 0.50, efficiency of barrel spring

2
€
[F,' -<—€' )F] = 6357 = 4032 Ib?

¢, K, Mp? = 0.5x 37 x 2£, = 132,164 1b’

2
€ L
Z = \/[F; - < —et- )F ] +e, KMy} = ‘v/ 136307 = 3691b.

The time still remaining during propellant gas activity
is

t,; = 0.006 - 0.003252-0.002137 = 0.000611 sec.

During this time the barrel contacts the buffer and
continues recarward over a distance that is computed
according to Eq. 2—-51.

M F F
te =\/ be' ( Sint —= - Sin™ = )
0.3 x50 630xm ) . 711
= 1n-' + — Qin— —_—
0.000611 et Sin 711 Sin 1348
630 x 386.4 1348 1348

where

€, = 0.3, cfficiency of buffer spring system
( Gb 0.3
ve = Fop - - F, = 727 - o5 27 = 711 b
Fre = Kyxpp tF,,=630x,, +7111b
- _ 2
ey KpMp2, = 2e,Ky (E, - AE;) = 0.3 x 630 x 6948 = 1,313,1721b
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Z= \/Foze + epKpMy},

Continning

630x,, +711

0.000611 = 0.00785 [Sln— ( 1348

AMCP 706-260

= /13818,693 = 1348 ib.

)- (2]

0.0778 = Sin-' (0.4674x,, * 0.5274) - Sin-' 0.5274

Sin-' (0.4674x,, + 0.5274) = 31" 50' +4° 28' = 36" I8

0.4674x,, = 0.5920- 0.5274 = 0.0646

x 0.138 in.

to

The barrel has 0.862 in. to go to complete its
buffer stroke. The time needed to tranverse this
distance is obtained from Eqs. 2-60c and 2-6lc.
Calculate the constants in Eq. 2—60c.

10 .
4eM, = 4<O.S)m= 0.0518 Ib-sec?/in.
1 3864 _ R
T = 7305x 10 38.64 in.{(lb-sec®)

K _ 58x3864 _ .
M, = Ax05x10 _ 11see

Substitute these values into Eq. 2—60c.

Ax =B [v(,,_ 1) At = 38.64 F(, - ;) Al

+ 112At2Ax,] (2—68a)
where

B - 0.0518
0.0518 +5.8 Ar?

Calculate the constants in Eq. 2—61c¢.

4x05x03x350

3864 = 0.0776 1b-sec?/in.

4€€bMt =

€Ky t e K= 05x630+03x528 = 316.71b/in.

1 - 386.4 - . 2
26,01, 7% 03 x50 12.88 in./(Ib-sec®)

i 3864
2eM,  2x0.5x50

= 7.73 in./(Ib-sec?)

K _ _58x3864

= 2
aeM, ~ dx05xs0 | 22llsee

Substitute in Eq. 2—61c¢.

Axt = A [ Vt(n -1) At - 1288Fb(” - 1) Afz
+173F, - ) A + 22.41A:2Ax}
(2-68b)

0.0776
0.0776 +316.7A¢*

where A =

Solve for the various parameters and then for At.

Ax, = Ly - x,5 = 1.00 - 0.138 = 0.862 in.

The driving spring force is estimated as the average
during this period
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F(, - 1) = 27 Ib (assumed constant)

Fyn-1) = Fop +Kpx,, = 727+630x0.138 = 8141b

L Fop + Fya- ]x,o = 354 in.1b
2€b

AE,

Epn- 1) = Ep - AE, = AE; = 3572-98-354 = 3120in-b

Ax = 1.928 (assumed and then verified bclow)
2By - 1) 6240 x 386.4 ]
Vim-1) = M, = 50 =/ 48223 = 219.6 in./sec
0.0776 ) 2 4 2 2
= . - Af? + 43A¢
0.862 ( 00776+ 3167 &7 (219.6 At- 10484 A¢* +209 At )

0.862 +3518A7% = 219.6Ar- 10232 A2
AP - 1597x 103 At +62.70x 1078 =

At = 6.96x 107

0.0518

Since A2 = 48.4 x 1078, the fraction ———————— = 0.9946
0.0518 +5.8A¢°
Ax = 0.9946 1
x [v(,, ~ 1Al 3864 F, _ A +112A1Ax,
= 0.9946 [285 x 6.96x 1072 - (38.64x27 - 112x0.862) 48.4 x 1
Ax = 0.9946 (1.984 - 0.046) = 1.9281n,

The absolute distance traveled by the barrel at this
time is 2.0 in. and x; the distance that the bolt
traveled with respect to the barrel is

xp = ZAx-L, +Ax = 1235-2.0+%1.928 = 1.163in.

The total time of buffer spring action during recoil is

tyy = Lyt At = 0.00061 +0.00696 = 0.00757 sec.




The prevailing conditions at the end of the
propellant gas period are now computed. The barrel
travel is

X, = Bhx,+x,, = 10+0138 = 1.138in.

aiffee &A% 369 inbeon.Tharbelt ttaget] whadriitingp spaig
deflection is

= ZAx -x, = 1.235- 1.138 = 0.097 in.
where ZAx = 1.235 in., absolute bolt travel at end of
propellant gas period (Table 2—2). The average driving
spring force for the remaining deflection is

eby
L: xbo =

0.5 x 1051
10.0- 0.097

F, = = 53.11b.

For K = 5.8, the force at 0.10 in. deflection is

F,=F,- 31 K(L-xp,) = 53.1-287 = 244 1b.

The driving spring force when the bolt is fully
retracted is

244 +574 = 818 1b.

m

F, = F)+K(L - Xp,) =

The driving spring force at zero bolt travel is

F, = F, -KL = 818- 58 = 2381b.

The bolt travel from the time that the propellant gas

becomes ineffective until the barrel is fully recoiled is
xp =Xy -Xp, = 1.163-0.097 = 1.066 in.

The driving spring force F is

= 244+58%1.066 =

F=F *K x} 30.61b.

The absorbed cnergy expressed as the differential
energy AE 1S

F, 1P|, ( 55
L 2 P2 T\2xo0s

) 1.066 = 58.6 in-lb.
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The energy remaining becomes

E =E,-AE = 1051-58.6 = 9924 in.1b.

The bolt velocity at this time becomes
\/E /
76693 = 2769 in./sec.

The time ¢ at full recoil of the barrel or when barrel
begins to counterrecoil is

1=, t Af = 12,96 msec
where f, = 0.006 sec, duration of propellant gas
period
At = 000696 sec, time for barrel to

complete recoil after 7.

2-44 COMPUTER ROUTINE FOR COUNTER-
RECOILING BARREL DYNAMICS

A digital computer routine is programmed in
FORTRAN IV language for computing the dynamics of
the barrel during counterrecoil. Since time and distance
are the most pertinent parameters, the program is
generated about these data. During a given differential
time, Eqgs. 2-60c and 2—64d give the differential travel
'distance of the bolt while Eqs. 2—63c and 2—65¢ give
the differential travel distance of the barrel. Eq. 2—53a
provides the relative travel which is equivalent to the
driving spring compression. The differential relative
travel between barrel and bolt is computed from Eq.
2-53b.

After substituting the various known constants, Egs.
2-60c and 2—64d arc rewritten as Eqgs. 2—68a and
2—70a to define the action of the bolt during recoil
and counterrccoil, respectively. The substitution of
constants into Eq. 2—63¢ yields equations for the
barrel travel while the bolt is recoiling; Eq. 2—69a
when the buffer is active; and Eq. 2—69b when the
barrel spring acts alone. Eq. 2-65¢, after the
substitution of numerical constants, becomes Eq.
2-70b which defines the differential barrel travel if
the buffer is still active. When the buffer is inactive,
Eq. 2=70c defines the differential barrel travel.
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Since the equation for solving Ax includes an
expression that contains Ax, and the cquation for
solving Ax, includes an expression that contains Ax,
the computer program contains an interative routine
that approximates these two differential distances. The
approximations for Ax and Ax, cventually approach
the true values close enough to render any etror
negligible.

The computed values of the constants in Eq. 2—63¢
for the barrel counterrecoiling under the influence of
the buffer while the bolt is still recoiling are

_4x0.5x50

deM, = 386 4 = 0.2588 lb-sec?/in.

eepKp - K = 05x0.3x630- 5.8 = 88.7 Ib/in.

€  0.3x3864

- . ; ool
M, - x50 1.159 in./(1b-sec?)

1. 854 L 573 in/(bsec?)
2eM, 2x05x 50

K 58x3864 \
aell, 7% 05 x 50 22.41 [ sec

Substitute these constants in Eq. 2—63c

AX, = A[ by - l)m+(1.159F,,(,,_ y

- 1.73F, - ,)>At2 - 224147 Ax]  (2—69%)

where

_ 02558
0.2558 +88.74¢

At the end of buffer return, only barrel and driving
springs remain effective. These design data for the
barrel spring are

K, = 37lbfin,
2-34

F,, = 1071, ¢ =05

The constants in Eq. 2—63¢ now become

€K, - K =05%05%37-58 = 345 lbfin.

- : 2
M, s 1.932 in./(lb-sec?) .

Substitute the revised constants into Eq. 2—63c,

Ax, = A

Ve - 1)AE * [1.932F,,(,, -y

- 1T3F -y l A - 2241 A8 Ax

(2—-69b)
where

4 = 0.2558
02558 +3.45472

The constants of Eq. 2-64d, when both bolt and
barrel counterrecoil, are computed to be

4My = 0.1035 lb-sec?fin.; €K = 2.9 lbfin.
€2M;, = 9.66 in [(lb-sec?), eK/aM, = 28/sec?
B 0.1035

0.1035 - 2.84¢#
Eq. 2—64d now becomes
Ax = B[ Vin - 1)8t - 9.66F, _ 1)At2

- 28A1Ax, ] . (2-70a)

The constants of Eq. 2—65c¢ also change.

4M, = 0.5181b-sec?/in. eK/aM, = 5.6 /sec?

€/2M, = 1.932in./(lb-sec?)




If the buffer is still active, the computed constants are

eK tepKy = 05x58+03x630 = 191.91bfin.

0518

€p/2M, = 1.159 inf(Ib-sec?); A = ——F191.9A72"

After substituting these constants into Eq. 2—65¢, the
differential barrel travel becomes

Ax, = AV - l)At+ [1.159Fb(n_ )

- 1.932F, - ) +5.6Ax] AfrY.  (2-70b)

With the buffer no longer active, the constants become
eK te,K, = 05x5.8+05x37 = 21.41b/in.

0.518

&/2M; = 1932inf(bsec’); A = +214A7

After being assigned these constants, Eq. 2--65¢
becomes

Ax, = Al vy -y AL+ [ 1932F s - 1)

- 1.932F, _ ) *+ 56Ax ]Azz\. (2-70¢)
Although functions of the spring forces appear in

the equations for computing the disvince traveled by
bolt and barrel, the spring forces must be computed
for each increment of time since those values are
projected into the next increment. At the end of cach
increment, the spring forces on bolt and barrel are
computed, respectively, from Eqs. 2—355 and 2-36.
The driving spring force is

F =F ) *580x,. (2—-71a)

While the buffer is operating, the counterrecoil force
on the barrel becomes

Fy = Fy, - 1y - 6304x,. (2-71b)
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When the barrel spring operates alone, this force is

Fy = Fpn-1) - 374x,. 2-71¢
After the spring forces are computed, the respective
energies and velocities of the bolt and barrel are

computed from formulas based on Eqs. 2—66a, 2—-66b,
and 2-66d.

For convenience, the computer program is divided
into four periods: (1) during buffer action, (2) during
bolt recoil, (3) after buffer action, and (4) during
bolt counterrecoil. Bolt action occurs simultaneously
with barrel action (buffer action being a part of barrel
action), but usually continucs after the barrel is fully
counterrecoiled. When the bolt is fully recoiled at 7 =
50.63 msec (Table 2-5), it immediatcly starts
counterrecoiling with the barrel and these two now
counterrecoil as onc mass. The velocity at this instant
is computed from the law of the conservation of
momentum.

Myvy = (Mt Mp)veen - oy (2=71d)

Table 2—3 lists the variables and corresponding
FORTRAN code in alphabetical order. Table 2—4 lists
the input and Table 2—5 lists the output or results of
the computer. The program is found in Appendix A—1
and its flow chart in Appendix A—2.

After the barrel has fully counterrecoiled, all
remaining activity is confined to the bolt. It still has to
negotiate its complete counterrecoil stroke. The time
clasped for the bolt to complete the remaining
counterrecoil stroke is computed from Eq. 2—26.

My [ -F
ZCrb = j:‘f Sln F2 +_( v2
2
(2-72)

. A -s8177
0.0945[ Sin- ( % - Sin- (_—88.38 )]

0.0945 [Sin-' (-)0.2693 - Sin-' (-)0.92521

Lerb

0.0945 (344.37 - 292.3) /57.3 = 0.0859 sec
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TABLE 2-3. SYMBOL-CODE CORRELATION FOR DELAYED BLOWBACK PROGRAM

Symbol Code Symbol Code
E E n I

AE DE t T
E, ET At DT

AE, DET v v
F F v, VT
Fy FB wy WwB
£ FO Wht WBBL
g G Ax DX
K SK Xy XB
K, SKB Ax, DXB
K, SKT X, XT
M, EMB Ax, DXT
M, EMT E EPS
My BMV €, EPSB
My, ™V €, EPST

where My = 3_8160.4 Ib-sec? fin., mass of bolt t, = byt = 0.0547 + 0.0859 = 0.1406 sec.

K = 5.8 Ib/in., driving spring rate

F, = 23.8 1b, spring force when bolt is
closed

F = 8177 Ib, last driving spring force in
Table 2—5

Mbv’ = 2F = 97 in-b, (F is last value of
bolt energy in Table 2-5)

E= (.5, efficiency of driving spring
Time elapsed from the complete cycle of barrel
action including free recoil, buffing, and counterrecoil

15

t,. = 54.73 msec, elapsed time of barrel cycle
(Table 2—5)

2-36

The firing rate is

_ €0 _ &0 _ ]
L= ?c— = D140 _ 426 rounds/min.

The velocity of the bolt just as counterrecoil is
completed is

s 2F s E(FO +F)xb
Verb = V0+M+b= V0+T

0.5 x 105.57x 386.4 x 9.995
\/3745 + 10

155.3in./sec.
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TABLE 2—4. INPUT FOR DELAYED BLOWBACK PROGRAM
Code Input Codc Input
Al 0.2558 WB 10.0
A2 88.7 WBBL 50.0
A3 3.45 FO 23.8
A4 0.518 FST 107.0
A5 191.9 FKCR 9.66
A6 214 DKXTCR 28.0
Bl1 0.0518 DKXCR 5.603
B2 58 F(1) 30.6
B3 0.1035 FB(1) 1357.0
B4 29 V(1) 276.9
EPS 0.5 VT(1) 0.0
EPSB 03 XB(1) 1.163
EPST 0.5 XT(1) 0.0
FK 38.64 T(1) 12.96
DXKT 112.0 DX(1) 0.0
BUFK 1.159 DXB(1) 1.066
BBLK 1.932 DXT(1) 0.0
DKX 22.41 DE(1) 0.0
FBK 7.73 DET(1) 0.0
SK 5.8 E(1) 992.4
SKB 630.0 ET(1) 0.0
SKT 37.0 G 386.4
2-4.5 SPRINGS L = 10.0in., bolt travel
The driving, barrel, and buffer springs have been T, = t,, = 00474 sec, compression time

assigned characteristics in the dynamic analysis to meet
the firing cycle requirements. The analyses which
follow of the three springs determine their remaining
characteristics that are congruous with the operational
and strength requirements.

2-4.5.1 Driving Spring
Known Data:

K

5.8 Ib/in., spring constant

£, = 238 1b, spring force with bolt closed

F,, = 81.81b, spring force at full recoil

of spring

<
il

p = V= 285 in.fsec, bolt velocity of free
recoil, impact velocity

The compression time of the spring is measured from
thc timc (3.252 msec, Table 2—2) that the bolt is
unlocked until it has fully recoiled (t = 50.6 msec,
when x5 = 10.0 in., Table 2-5).

T
Sincc »; < 25 fps, select TC = 3.8, or

7= 90474 | 00125 sec.
3.8
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2—38

TABLE 2—-5. COUNTERRECOIL DYNAMICS OF DELAYED BLOWBACK GUN

InChi=

MEINT
1

CENGCULAWN -

hel ATIVE

DELTA

ThaVEL

IacH

PXRVIY]
U9
0058
«He7
«H14
499
4003
HGH
447
L26
Liu
« 330
« 304
e 326
e lbd
.278
2l
o236
103
w114
wul?
.UUO
- l.‘:’b
=elc5
=sLUD

TIME
MSEC

12.5%06
14.%96
16.96
18.96
20.96
220906
24.96
2696
28.%6
30496
3290
34.96
30« Y90
38490
39.99
41.99
43,99
45,99
4799
49,79
HUebHd
50663
b2ebd
363
H4e 73

LELITA

oLT

Thav{l

IrCH

1. Ué;h
554
555
«5HH5
551
«Slic
«840
hie
521
«5H0Y
4O
470
U45HH
ez2h
16
« 83
246
3060
257
€Y
2000

e Ut

=-e002
«(00

DELTA

BoLrT

ENERGY

IN=-Lt

~ELTA

LAREEL
iRAVEL

I%CH

uae
ICDS
«017
«N2A
U0
052
e 063
074
.0';5
« 075
« 1065
. llu
122
«130
« (70
«138
139
«140
e142
. 1'43
007
.noo
122
«123
006

JELTA
SARREL
ENERGY
iN=LB

o0
2.2
6.8

1144
15.8
20.0

NS

—
<
EFFEFQOROCOOCOOC

NN WD

Tolal
ROLT
TRAVEL
It Ciy

le163
1.717
2272
e 827
3381
3.932
4eLT7R
5018
5550
6.072
6¢5H80
Te 074
7.550
8005
8¢230
BebU6
9.021%
9.375
Qe 68N
9.937
10.00N0
10000
Ge a7
9.995
De 995

BULT

ENERGY
IN-LB

9v2.4
9b6.7
217.5
B8/4.5
82843
78,7
72641
a6l0.6
612.7
Hb2.7
49l.2
42B.6
36546
302.8
2711.0
210.5
lbs.n
9.6
5l.4
9.9
o0
463
4804
48.5
48e5

TOTAL

RAPREL

THAVFL
InCH

»0NnQ
«0N5
022
050
001
142
206
«280
«3R5
U460
« 561
« 678
<800
«930
1.000
1.138
1.277
1.417
1.5%9
1.702
1.749
1,749
1.R71
1.994
2.000

BARREL
EHERGY
Iiv=L B

oG
242
8.9
2043
36.1
56.1
7947
106.5
135.9
167.2
199.6
232.6
265.2
2°96.8
312.5
319.7
326.6
333.2
339.6
345.5
347.4
24143
246.0
250'4
25046

DRIVING
SPRIMNG
FORCE
POLIND

30.60
33,76
354 9R
4n,20
43,41
4A.61
ua,77
52.91
55,99
53,02
61.97
64,83
H7.59
7023
71.53
73.95
76416
78.17
73.94
1,42
81.80
B1.80
81.78
81,77
81,77

BoLT
VELOCITY
IN/SEC

27649
27149
266.3
26040
253.0
245.3
23649
2277
217.6
2N6.7
19456
182.0
168.1
153.0
144,7
1275
1n8.8
87.7
63.0
27.7
o0
-Hl.1
=-61.1
—-612
=61.2

HARRCL
SFERING
ForCe
PCUND

1357.0
1353.7
1343.2
1325.2
1299.9
1267.2
1227.4
1180.7
1127.2
1067.4
1001.5
929,9
85340
771.3
107.0
10L1.9
96.8
91.6
86,3
81,0
79.3
79.3
4.8
70.2
7040

BARREL
VELOCITY
IN/SEC

o0
RYY-1
11.7
17.7
2340
29.4
3561
4040
45.8
50.d
55.5
60.0
6UO
677
69.5
70.3
71.1
71.8
72.4
73.1
7343
611
6le7
62.2
62.2




Select a mean coil diameter of 1.0 in. Then according
to Eq. 2—42, the wire diameter is

d =027 \3/ DKT = 0.27 J 00725 = 0.1131in.

From Eq. 2—41

Gd* - 11.5x10° x 1.63x 107
8x58x1.0

= 40.5 coils.

N =
8KD?

Static shear stress is
8F,D 8x81.8x 1.0x 103

= = 144,500 1b/in?
nd? 3.14x 1.442

T =

Dynamic shear stress is

ICINCE

152,1001b/in?

Td

2-4.5.2 Barrel Spring

Known Data:
K, = 37 Ibfin., spring constant

F,; = 70 Ib, spring force with barrel in
battery

F,,, = 144 Ib, spring force with barrel fully
recoiled

L, = 20 in., barrel travel

T, = t, =0.013 sec, compression time of
spring

v; = »p = 2323 in/sec, barrel velocity of
free recoil, impact velocity

The compression time of the spring includes the time
of free recoil and that for the rest of the recoil
distance.
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TL‘
Select T = 3.8,0r

T

(4

0.013
T=337 338

= (0.0034 sec.

Select a mean coil diameter of 1.0 in. According to
Eq. 2—42, the wire diameter is

d =027 ¥ DK,T = 027 v 0.1258 = 0.136in.

From Eq. 2—41
Gd* _ 115x10° x3.42x10™ _ .
N = = = 13 coils.
BK.D? 8x37x 1.0
The static shear stress is
8x144x 1.0
7= 8F D = = 145,5001b/in.?

nd® 3.14x252x107°

The dynamic shear stress is

(F) (%) |- (s s

153,000 1bfin?

Td

2-4.5.3 Buffer Spring

Known Data:
Fops = 620 1b, spring force when first
contacted

Fops = 1213 1b, spring force at end of buffer
stroke

Kpe = 593 1b/in., spring constant
1.0 in., length of buffer stroke

T, = t,, = 0.00757 sec, compression time
of spring (see p. 2—32)

v; = 2317 in/sec, impact velocity of
buffer (see p. 2—-29)
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TC‘
Select T = 3.8, 0r

T, 0.00757

T = -3—-2-3 = —-?3-— = 0.00199 sec.

Select a mean coil diameter of 1.75 in. The wire
diameter, from Eq. 2-42, is

d=027v DK, T =027V 207 = 03441in.
From Eq. 2-41

Gd*_ _ 115x10°x0.014
8K, D? 8x593x 536

N = = 6.3 coils.

The static shear stressis

8x 1213x 1.75
= —— = 133,000 Ibfin?
nd® 3.14 x 0.0407

8F,, b D
T -

The dynamic stress is

o)) (2

140,000 1b/in?

2-6 RETARDED BLOWBACK

The retarded blowback is similar to the simple
blowback except that a linkage supplements the
massiveness of the bolt as the primary resistance to the
carly rearward movement of the cartridge case.

2-5.1 SPECIFIC REQUIREMENTS

To develop the same resistance as the inertia of a
large mass, a linkage must have a large mechanical
disadvantage during the period of high propellant gas
pressure and then gradually relax this resistance as the
pressure subsides. A linkage showing these features is
illustrated in Fig. 2—8. When the force is greatest, the
largest component resisting that force is in line with
the bolt; thus only a small component is available to
accclerate the bolt and linkage. Later, as the link
closes, a larger share of the propellant gas force
becomes useful for bolt retraction. Although the gas
force has degencrated substantially, the accelerating
component has grown to the proportions needed for a
short firing cycle and, hence, a high rate of fire.

2-5.2 DYNAMICS OF RETARDED BLOWBACK

Fig. 2—9 illustrates graphically the kinematics of a
retarded blowback linkage. Point A represents the
position of the bolt as it moves lincarly on line AC
Point B represents the position of the common joint
between links AB and BC as BC rotates about the
fixed point C. The equations of dynamic equilibrium
are developed from the graphic illustration of Fig.
2—10. The kinematics are found by writing the two
equations that define the geometric constraints of the
linkage and then differentiating twice; then writing all
variables in terms of x and its derivatives.

2-56.21 Kinematics of the Linkage

The two equations defining the geometric constraint
are obtained from the geometry of the linkage, (see
Fig. 2-9)

AB cos ¢ + BC cos 8§ = AC - x (2-73a)

AB sin ¢ - BCsin 8§ =0 (2-73b)

WALy
/

|e—BOLT

TRAVEL_" I/// “

Figure 2—8. Schematic of Retarded Blowback
Linkage
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--— BREECH FACE
POSITION OF BOLT
AT ANY TIME, t

(A) VELOCITY DIAGRAM

(B) ACCELERATION DIAGRAM

Figure 2-9. Kinematics of Retarded Blowback Linkage
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Rex

FQ » —_—F
ATF = —

e

Figure 2—10. Dynamics of Bolt and Linkage

where x is the distance between the breech face and the
bolt at any given time ¢. Differentiate the above
equations twice with respect to ¢

AB (sing) ¢ £ BC (sin€)é = x (2—74a)

AB [(sin¢) § + (cos$) $*] + BC [(sin€) ¥

t (cos8) %] = x (2—74b)

AB (cos¢) ¢ - BC (cos8)d =0 (2=75a)

AB {(cos ¢) ¢ - (sing) ¢* ] - BC [(cos ) §

- (sine) 2] = 0 (2—75b)

Multiply Eq. 2—74b by cos ¢ and Eq. 2—75b by sin ¢
and subtract.

AB @ £ BC [(cos ¢ sin € + cos € sin ¢) §
+ (cos ¢ cos € - sin ¢ sin €) 62] = x cos ¢
(2—76a)

AB ¢ t BC [ sin(6+¢)

+ 42 cos(f + ¢)] = x coso (2—-76b)
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Now multiply Eqs. 2—74b and 2—75b by cos @ and sin 8,
respectively,and add.

AB [(cos€sin ¢ + cos¢sin€)$ + (cos€ cos¢
- sin¢sin ) $?] £ BCH = x cos§ (2-77a)

or

AB[§ sin(8 +¢) + ¢* cos (¢ +¢)]

+ BC 6% = x cos6 (2-7Tb)

Multiply Eq. 2—74a by cos # and Eq. 2—75a by sin 8
and add.

AB ¢ (sin¢ cosf + cos¢ sind) =x cos (2—78a)

AB ¢ sin(f t¢) =x cosf (2—78b)

Multiply the samc equations by cos ¢ and sin @,
respectively, and subtract.

BC 6 (sin 6 cos¢ £ cosd sing) = x cos¢p  (2—79a)

BC 6 sin (€ £9) = x cos ¢ (2—-79b)




Solve for ¢ and 8

¢ = _ xcos€
AB sin (0 ¥ 9) (2—80)
0 X COS ¢ (2—81)

" BCsin(0 +¢)°
Solve Eqs. 2—76b and 2—77b for § and ¢, respectively

X cos ¢ - AB ¢* 62 cos(€+¢)

- BC sin (6 +¢) sin (8 + ¢) (2-82)

X cos € -BC O ¢ cos (8 +¢)

¢ = .
AB sin (8 +¢) sin (8 +¢) (2-83)

2-5.2.2 Equations of Dynamic Equilibrium

Fig. 2—10 shows the applied and inertial forces of
the bolt and linkage. The inertial forces are functions
of the kinematics of Fig. 2—9.

Nomenclature of symbols in Figs. 2—9 and 2-10,
,and in the dynamic analysis follow*-

@, = acceleration of A with respect to B
a = normal acceleration of 4 with respect to B
a, = acceleration of B

ap, = mormal acceleration of B with respect to 4

a,, = tangential acceleration of B with respect to A
ape = tangential acceleration of B with respect to C

4., = normal acceleration of B with respect to C

AB = length of linkAB

BC = length of link BC

*Since these symbols are unique for this par., they are not
repeated in the general List of Symbols.
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applied force on recoiling parts
linear inertial force of link 4 B
bolt inertial force

normal force of link A B

tangential inertial force of link AB
normal force of link BC

tangential inertial force of link BC
propellant gas force

driving spring force

initial spring force

mass moment of inertia of link AB
mass moment of inertia of link BC
spring constant

mass of link AB

mass of bolt

mass of recoiling parts

vertical reaction at A

horizontal reaction at C

vertical reaction at C

inertial torque of link A B

inertial torque of link BC

velocity of B with respect to A
velocity of B with respect to C
velocity of bolt at A

acceleration of bolt at A

efficiency of the spring system

1/e during recoil; E = ¢ during counterrecoil
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6 = angle of BC with horizontal
¢ = angular velocity of BC, shown positive
§ = angular acceleration of BC, shown positive

¢ = angle of AB with horizontal
¢ = angularvelocity of AB, shown positive

¢ = angular acceleration of AB, shown positive

To achieve equilibrium in the dynamic system, the
applied forces and reactions of Fig. 2—10 arc equated to
the inertial forces. The reactions of the linkage ABC arc
computed by balancing the moments and forces of the
complete system or of any individual link. The inertia
forces and moments of each component are expressed in
terms of the respective accelerations.

Fp = My% (2-84a)

F, = Myx (2-84b)
AB

Fyp = My ( — ) ¢ (2—84¢)
AB

Fy = My, ( = )¢ (2-84d)

Fop = Mbc(%)é’ (2-84¢)
BC

Fop = My, ( ) ) 9 (2-84f)

Top = 1gp$ (2-84g)

Tpe = Ipcd (2—84h)

R,,, the vertical reaction at C (Fig. 2—10) is found by

computing the moments about A and dividingby length
AC.
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R =

AB\ . A
S L Fab(7)51“¢+(—2)Fbt

- F,, AB sin(8 z ¢)

1 Fc,[ AB cos (8 7 ¢) 4 f;—cl } JAC (2-85)

R, the horizontal reaction at C, is found by isolating
link BC and equating the applied moment to the inertial
moment.

R, BC sind - R, BC cos® =Ty, - Fct(

(2—86)
T F
cos € be ct
= R . - 7
Rex =Rey gine ™ 5o 2sine. T 00

The general equation for determining the dynamics of
the system consists of the applied horizontal forces and
reactions, and the horizontal components of the inertial
forces. The inertial moments and vertical force
components are not directly involved although they are
needed to establish the general equation.

Fy - EFy -~ R,y = Myx - Fy, cos¢ - Fy, sin¢

t F,, cosd + F,, sine (2—88)

where

Fg = E(Fg, + Kx)

Mr = Mab + Mb

Eq. 2—388 may be solved by numerical integration after
the variables ¢, 8, ¢, are written in terms of x
and x.

26523 Digital Computer Program for the Dynamic
Analysis

A digital computer program is compiled in
FORTRAN IV language for the UNIVAC 1107
computer. The various parameters are solved for cach
one of many small increments of time into which the
recoil and counterrecoil periods are divided. The




solution follows the procedure of the Runge-Kutta-Gill
Method of numerical integration. The program listing is
in Appendix A-3; the corresponding Flow Chart in
Appendix A—4.

Because Eq. 2—88 becomes extremely unwieldly
when the appropriate expressions arc substituted for
é,0,4,8, simple coefficients are introduced in
sequence to represent the cumbersome expressions. The
continued substitution eventually leads to an equation
of simple terms. The list of coefficients that follow are
determined from Eqs. 2—80 to 2—83.

C1 = cos ¢/BC sin (6 + ¢)
C2 = - AB/BCsin (6 t ¢)
C3 = - cos (6 +¢)/sin 6+¢)
C4 = cos@/AB sin (6+¢)
C5 = - BC/AB sin (6 t ¢)
C6 =C2-C4 + C3-C1?
€7 =C5-C1* + 3. (4?

Rewrite Eqs. 2—80 to 2—83 by inserting the proper
coefficient.

$ = C4x (2—89a)
€ =Clx (2-89b)
€ = Clx+ Céx? (2-89¢)
¢ = C4x+ Cx° (2—89d)
Rewrite Eq. 2—85
R, = E3(C4x + C7x?) - EAX
-E5+ C1*x? + E6(Clx + C6x*)  (2—90a)
where
El = My, AB/2

E2 = My, * BC|2

AMCP 706-260

E3 = (I, + El - AB[2)/AC

E4 = El sin ¢/4C

ES

E2+ AB sin 6+ ¢)/AC

E6 = | E2{AB cos 6+¢) + BC/2] - I, {/AC

Collect terms and assign new coefficients

R,, = C8x+ C9x*
e (2—90b)

where
C8=E3+C4-E4+E6+(ClI

C9=E3-C7-E5:-C1* t E6+C6

Rewrite Eq. 2—87

R, = Ca(coso >5c'+ C9( cos @

sin 8 sin @
+ E7(Clx + C6x?)/sin 8 (2—91a)
R, = ClOx + C12x? (2-91b)
where
g7 < e _E2
BC 2

C10 = (C8 cosf +E7 - C1l)/sin6

Cl12 = (C9 cos6 + E7- C6)/siné

Recall Eq. 2—88, solve for F and insert appropriate
cocfficients.

F, = Mx - E1(Céx + C7x%)sin¢
- El- C4x* cos ¢
+ E2(Clx+ C6x*)sin8 + E2-Clx® cosd

+ C10x + C12x* - E(F, - K,x) (2-92)
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Collect terms and solve for X

Cllx = Fp+C13x*+Cl4+Cl5x (2-93)

x = (FptC13x* ¢ C15x £ C14)/C11  (2-94)

where
Cl1 = M, -El - C4sin¢ + E2 * Cl sine + C10

C13 = El - C7sing + C1 *» C4% cos¢
E2 - C6sinf - E2-C1% cosd - C12

Cl4 = - EF,

SO

C15 = - EK

$

The computer solves for X and then all the other
variables for each increment of time. The program is also
arranged for the interpolation of the gas force F; when
the time, and therefore force, for any particular
computations fall between two data points selected from
the force-time curve of Fig. 2—-7.

Initial spring characteristics are usually based on
those of a similar gun. After trial computations, the
values are altered to be more compatible with
specifications. For instance, in the sample problem, the
initial values of initial buffer force and spring constant
were Fg, = 200 1b and K, = 388 Ib/in. This resultedin a
buffer travel of almost twice the specified distance.
After changing the spring constant to K; = 760 [bfin.
and F, = 800 Ib, the computed buffer stroke equalled
that specified.

Table 2—6 lists the code for cach symbol, Table 2—7
lists the input data for the computer program, and Table
2-8 lists the computed dynamics. Four series of
computations arc made for each increment / and, since
there are almost 2000 increments, only the results of the
fourth series of every 15th increment is printed. This
procedure is followed except at the ends of the recoil
and counterrecoil strokes where the results of cach
terminal increment are printed. By eliminating most of
the output from the record, Table 2—8 is held to
reasonable size but still contains enough data to show
clearly, the trend in the dynamic behavior of the bolt
mechanism during the firing cycle.

The final time (at increment / = 1889) of 7 = 0.067
sec shows a firing rate of

[ = .g(_) = 895 rounds/min.

TABLE 2—6. SYMBOL-CODE RELATIONSHIP FOR RETARDED BLOWBACK

Symbol Code Symbol Code

F, FA 'ab WAB

Fg FG W, WB

Fy FSO Wyo WBC

g G x X

I, EYEB € EPS

Iy, EYEC 0 THETA
KS SK ¢ PHI

M, EMAB sin & STHETA
My EMB cos b CTHETA
M, EMR sin ¢ SPHI

1t T cos ¢ CPHI

At DT sin(6 +¢) SUMSIN
v VEL cos (8 +¢) SUMCOS




The preferred method of increasing this rate is to
increase the moment arm of the linkage, i. ¢, by
decreasing the initial value of AC. A lower firing rate
may be attained by decreasing the moment arm, i. ¢., by
increasing the initial length of AC.

26 RATING OF BLOWBACK WEAPONS

The simple blowback machine gun, because of its
simplicity, outranks all other types with respect to
maintenance and relative cost. Moving parts are few, and
normal care exercised in manufacture produces a gun
whose reliability is considered good, i. e., ordinary
malfunctions can be corrected in the field within 30 sec.
Take-down, cleaning, lubricating, and reassembly
requires little time and practically no tools. Although
these attributes are encouraging, the simple blowback
has its limitations. It is restricted to small caliber guns,
low rates of fire, low muzzle velocities, and, therefore,
short range. However, the gun is light enough to be
carried by the foot soldier and is accurate enough at
short ranges to make it a good antipersonnel weapon.

The delayed blowback machine gunis almost as easily
maintained as the simple blowback but its relative cost is
higher. It has a low to medium rate of fire and a medium
to high muzzle velocity. The delayed blowback is not
confined to small calibers. It outranges and has better
accuracy than the simple blowback and, because of its
greater fire power, is more versatile, being capable of
destroying both materiel and personnel. The delayed
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blowback gun is durable and reliable, seldom becoming
inoperative because of breakdown except after long
usage, and can quickly be restored to operation after
ordinary malfunction.

When compared with simple and delayed blowback
guns, the advanced primer ignition and retarded
blowback types are relegated to second position. The
retarded blowback type, because it depends on a linkage
system to control bolt recoil that is extremely sensitive
to geometric proportions, does not have the reliability of
the delayed type either in theory during design, or in
practice during development and usage. The large loads
applied to the linkage while in motion adversely affects
the gun’s durability. From these aspects alone the
delayed blowback is preferred over the retarded type.

The advanced primer ignition gun is superior to the
simple blowback because of its higher firing rate and
lower recoil momentum. However, favorable
performance depends on timing that must be precise. A
slight delay in primer function, and the gun reverts to a
simple blowback without the benefit of a massive bolt
and stiffer driving spring to soften the recoil impact.
Delayed primer ignition creates the hazard of extracting
the cartridge casec while subjected to pressures high
enough to blow up the case. Although advanced primer
ignition guns have been made, one by Becker, the
exacting requirements in design and construction of gun
and ammunition reduce this type almost to the point of
academic interest only.

TABLE 2-7. INPUT DATA FOR RETARDED BLOWBACK
Code Data Code Data
AB 7.0 NHEAD 630
AZ 12.9985 NPO 15
BC 6.0 N9 9
DT 0.000025 SK1 3.8
DTFG 0.0000625 SK2 760.0
DINEW 0.00026 TCHANG 0.045
EPS 050 WAB 0.85
FS1 63.0 WB 8.0
FS2 800.0 WBC 15
G 3864 XLIM 9.0
N 3000 XREC 995859
XBATY 0010
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TIME
SECOND
+0000250
+ 0003750
« 0007500
0011250
»0015000
«0018750
«0022500
« 0026250
«0030000
« 0033750
0037500
0041250
«0045000
+ 0048750
« 0052500
+ 0056250
+ 0060000
+0063750
« 0067500
« 0071250
»0075000
« 0078750
« 0082500
+0U80250
+0US0000
«0033750
«0097500
« 0101250
« 0105000
+0108750
00112500
+0116250
0120000
00123750
0127500
« 0131250
+ 0135000
«0138750
+ 0142500
+ 0146250
+ 0150000
+0153750
«0157500

TABLE 2-8. RETARDED BLOWBACK DYNAMICS

APPLIEO
FORCE
POUND
338.0

18774.0
2383440
18663.%
12703.0

7733 4

492247

3801+8

267067

1794 .4
1103.0
651.6
425.1
21845
107.0

-9‘6
=-141.1
=142.7
=144.3
=-145.0

-147.4

~-149.0

=150.5
=152.1

-153+6

=-155.1

=156.7
~158.2

-159 .7

-161.2

=162.7

=1l64.2
=165.7

’167-2

-168.6

=170.1

=171.6
~173.,0
=174e5
=-175.9

1773

'178'7

-180 -1

DISTANCE
FROM BREECH
INCH
« 000000
+00016%
¢ 001883
«009210
« 032415
+ 085583
« 174304
294690
BL41364
« 608063
« 788991
979433
1,17615%
1,377183
1.580966
1,786483
1,992836
2.199224
2.405343
2.611077
2.816333
3.021035
3.,225119
3.428530
3.631220
3.833148
4.034276
4,234569
4 433997
4.632531
4,830144
5.,026610
5.222506
S.417207
5.610891
5.803537
5.995121
6.,185623
6.375019
6.563290
64750411
6.936361
7e121114

VELOCITY
IN/SEC
o0
1.6
Ge2
3b4e6
96.7

ACCELERATION
IN/SEC/SEC
180.5
10185.6
36242.9
109085.5
2201121
260303.3
22408647
187483.0
14(0860.%3
10024645
667043
43452.7
30363.6
19058.6
12324.8
586946
"900.6
«1938.7
-2753.7
-3410.0
~395043
~46404.2
479243
~5129.6
'542702
~5683.4
-5934.5
-615504
-6360.1
-655141
-6732 47
-6305.4
=7071.6
=7232.8
—7390.5
-7546.,0
=7700.6
~7855.5
=-8012.0
~8171.3
-8334 9
-8504.2
-g681.2
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645
660
675
690
705
720
735
750
765
700
795
810
825
6840
855
870
685
800
915
930
945
948
960
975
990
1005
1020
1035
1050
1065
1080
1095
1110
1125
1140
1155
1170
1185
1200
1215
1230
1245
1260

TABLE 2-8. RETARDED BLOWBACK DYNAMICS (Con't.)

TIME
SECOND
0161250
0165000
0168750
«U172499
« 0176249
20179999
«U103749
0187499
¢ 0191249
20194999
20196749
0202499
¢ 0206249
0209999
« 0213749
eU&l7499
0221249
0224999
0228749
0232499
« 0236249
+ 0236999
0239999
00243749
¢ 0247499
«0251249
10254999
¢ 0256749
0262498
«0206248
¢ 0269998
0273748
¢ 0277498
« 0281248
e 0284998
e0288748
¢ 0292498
¢ 0296248
+ 0299998
¢ 0303748
« 0307498
0311248
+ 0314698

APPLIED
FORCE
POUND

=181.5

-182.9

=18443

=185+6
~187.0
~188.3

-189.7

-181.0

-192.3

=193.6

~1893.8
=-2136,3
~2358.8
~2559.6
~2737.2
=2890. 1
-3017.5
=311845
-3182.5
~3239.2
~3£5843
~514.7

-6l4.1

~b1L.8

~807.8

-80201

-794.7

-78505

-774 «7

=762.2

=748.0

-732-2

=714.7

-695.7

57541

‘653.0

-629.4

-60“04

~578.0

=550.2
=-521.2
=491.0

-459,6

DISTANCE
FROM BREECH
INCH
74304647
7.486933
7.667944
7.847650
8.026019
8,203013
84378596
a. 552722
8,725342
8, 896399
9,065089
9.223000
9,369479
9,500939
9,617160
9.717299
9,800679
9.866784
98,915237
9,945783
9.958274
9,958599
9.957093
9.951135
9,940655
9,925667
9.906187
9.,882240
9,053856
9.821074
9, 783940
9,742508
9,696843
9,647018
9,593116
9.535232
9,473469
9.407945
9.338783
9.266123
8.180113
9,110909
9,028681

VELOCITY
IN/SEC
4878
484.4
481.0
477.4
473.8
4701
466.3
46243
458.3
454.0
439.4
40643
369.9
330.5
288.7
244.8
199.4
152.8
105.3
57.3
S0
=2
-9.9
-22.0
=34.0
=46.0
-5800
-6908
-81l.6
-93.3
-104,.8
=116.2
-127.4
=-138.4
=149, 1
=159.6
'169-8
=175.7
=189.2
=198.3
=207+1
=215.3
-223e2

ACCELERATION
IN/SEC/SEC
-8867.6
'9066-0
-927900
-9509 .9
-9762.8
-10042+5
=10355.1
=10708,1
-11110.8
-11575.0
-83221,1
-92816.8
-10126443
=108497.8
11449640
=119280.4
-122954,1
-125611.6
-127399.2
=128449,3
—-128860.,8
=32217.9
=32205.7
-32157.0
-32065.7
-31941.7
-31769.7
=31550. 1
-31278.5
-30950.7
-30562.1
=30108.6
-295864.5
=28992.3
-28323.7
-27578.8
-26756.7
-25857.1
-24880.7
-23828.9
-22703.7
~21507.8
=20244.4
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1275
1290
1305
1320
1335
1350
1365
1380
1395
1410
1425
1440
1455
1470
1485
1500
1515
1530
1545
1560
1575
1590
1605
1620
1635
1650
1665
1680
1695
1710
1725
1740
1755
1770
1785
1800
1815
1830
1045
1860
1875
1889

TABLE 2—8. RETARDED BLOWBACK DYNAMICS (Con't.)

7IME

SECOND

«0316748
03522498
00326248
0329998
« 0333748
« 0337497
0341247
10344997
+ 0348747
10352497
« 0356247
« 0359997
« 0363747
20367497
0371297
« 0374997
0378747
« 0582497
+ 0386246
+ 0389996
0393746
« 0397496
0401246
« 0404996
0408746
U412496
e 0416246
¢ 0419996
0423746
+ 0427496
0431246
20434995
« 0438745
¢ 0442495
00446245
« 0449995
¢ 0485245
« 0522745
« 0560245
10597745
« 0635245
«067U245

APPLIED
FORCE
POUND
=48.5
=-48.3
-48.2
=-48.0
-47.8
—47.7
—47.5
—-47 .3
=47.2
=470
=46.8
=46.7
—4645
=463
=462
=46.0
=45.8
=45.,6
-45.5
=45 .3
=45.1
=45.0
-44,8
=44, 6
—-44 .4
=-44.2
-44,1
—-43.9
—43.7
-43.5
—-43 .4
=343,2
=43.0
-42.8
-42.6
-42.4
=40.7
—38.8
=-36.9
—-34.9
=33.0
=315

DISTANCE
FROM BREECH
INCH
8,944110
8,858986
8,773458
8.,687536
8.,601226
8,514535
8.427471
6,340039
8,252246
8.164096
8,075596
7.,986750
7.897561
7.808036
7.718179
74627992
7.537482
T.446650
7,355502
7.264040
7.172267
7.080187
6.,987804
6.895120
6.,802138
6,708861
6,615293
6.,521436
6,427293
6., 332066
6.238159
6.143175
6.,047915
5.952383
5.856582
5.760514
4,844994
3.848134
2.831350
1,801193
0776233
« 002236

VELOCITY
IN/SEC
=-226+¢5
=227.5
=228+ 6
=-229.7
=230 7
=231+7
=232¢7
=233.6
=234.6
=235.5
=236+5
=237.4
=238.3
=23%.2
=240.1
=240.9
=-241.8
=-2424 6
=243, 5
=-244.3
-245,1
=246.0
=-246.8
=-247.6
=248.4
=249.1
=-249,9
=250.7
=-251.4
=252.2
=252.9
=-253e 7
—254+4
=255.1
=255.8
=25645
—262¢8
=268.7
=273:3
=275.4
=267.8

=53.0

ACCELERATION
IN/SEC/SEC

=2930.1
‘286703
-2809.0
-2754,.8
=2704.3
=2657.0
-2612.7
=-2571,1
-2531.9
-2494,8
-2459,8
-2426.5
=2394,.,7
=2364,45
=2335.5
-2307.8
=-2281.1
=2255.4
~2230.5
=220645
=-2183.1
=2160.4
=-2138.2
=211646
=209S.4
-2074.6
-2054,1
=-2033,9
~2014,0
=1994,3
-1974.7
=1955,2
=1935.9
«1916.5
-1897.2
—18778
-16864,5
-1“2709
=996, 2
88,0
6102.3
367185.9
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CHAPTER 3
RECOIL-OPERATED WEAPONS

3—1 GENERAL

Recoil-operated weapons are those weapons that rely
on recoil activity to operate the bolt and related parts.
The bolt, locked to the barrel during firing, is relcased
during recoil after the chamber pressure has become
safe. Action is confined to two general types; long recoil
and short recoil.

Long recoil has the barrel and bolt recoiling as a unit
for the entire distance (Fig. 3—1). This recoil distance
must be greater than the length of the complete round
to provide space for loading. At the end of the recoil
stroke, the bolt is held while the barrel counterrecoils
alone. When sufficient space develops between bolt and
breech, the spent case is ¢jected. Later, as the barrel
reaches the in-battery position, the bolt is released to
reload the gun.

Short recoil has the barrel and bolt recoiling as a unit
for a distance shorter than the length of the complete
round (Fig. 3—2). The bolt is unlocked shortly before
the barrel negotiates its full stroke. As the barrel stops,
the momentum of the bolt carries it farther rearward
opening a space — between it and barrel — large enough
for extracting the spent casc and recloading. The
returning bolt, while reloading, may push the barrel into
battery or the barrel may counterrecoil independently of
the bolt.

3—2 LONG RECOIL DYNAMICS

The dynamics of the long recoil-operated gun are
similar to those of the blowback types except that the
barrel and bolt units recoil together. Time of recoil may
be decreased by delaying enecrgy of recoil absorption
until near the end of the recoil stroke, which can be
done with a heavy buffer spring operating over a short
stroke. The barrel spring should be stiff enough to hold
the recoiling parts in battery while the bolt is returning
whereas the bolt driving spring should be capable of
closing the bolt in minimal time. The stiffer the spring,
the less time needed for the return. However, since the
converse is not true, some compromise must be arranged
to achieve an acceptable firing rate. For initial estimates,
the driving spring should have properties that are

approximate to those needed to absorb the recoil energy
of the bolt. Later adjustments can be made in the
properties of all the springs in the system to achieve
appropriate time and velocity criteria.

The buffer characteristics should be so arranged that
its useful potential energy, when fully compressed,
approximately equals that of the barrel spring, yet still is
compatible with other design requirements. This
arrangement gives the barrel sufficient momentum at the
beginning of the counterrecoil stroke for a quick return
without inducing excessive impact when stopping the
returning barrel.

3—-3 SAMPLE pROBLEM ~ LONG RECOIL
MACHINE GUN

3-3.1 SPECIFICATIONS
Gun: 20 mm machine gun
Firing Rate: corresponding to minimum bolt travel

Interior ballistics: Pressure vs Time, Fig. 2—7

Ap = 0.515 in.? bore area

3-3.2 DESIGNDATA

L = 10in, recoil distance

Wy = 10Ib, weight of bolt unit
W, = 501b, weight of barrel unit

£ = 0.5, efficiency of spring system

Table 3—1 has the numerical integration for a

recoiling weight of 60 Ib. The column 4; represents the
arca under the pressure-time curve, Fig. 3—1, for each
interval of time.

Fo4, = 0.515 A;, Ib-sec.

31



AMCP 706-260
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TABLE 3—1. RECOIL TRAVEL OF 20 mm GUN
¢, A, A4; FpAt, Ay, v, Vo Ax,
msec msec Ib-sec/in.? Ib-sec in./sec in./sec in./sec in.
025 0.25 344 177 114 11.4 57 0.0014
0.50 025 10.15 524 337 45.1 282 0.007 1
0.75 0.25 11.89 6.13 395 846 64.8 0.0 162
1.00 0.25 11.12 574 37.0 1216 1031 0.0258
1.25 0.25 9.25 4.76 306 152.0 1319 0.0330
1.50 0.25 7.10 3.76 242 176.4 159.3 0.0398
175 0.25 523 2.69 173 193.7 185.0 0.0462
2.00 025 3.71 1.91 126 206.3 200.0 0.0500
225 0.25 258 1.34 86 214.9 2106 0.0526
2.50 025 1.82 0.94 6.1 221.0 218.0 0.0545
275 025 1.39 0.72 46 2256 2233 0.0558
3.00 0.25 1.06 0.55 35 229.1 2274 0.0569
4.00 1.00 2.34 097 6.2 2353 232.2 0.2322
5.00 1.00 1.04 0.40 26 2379 2366 0.2366
6.00 1.00 0.40 0.09 06 2385 238.2 0.2382
Ay = (_A_t) - & (F At) - (18_6_4 )F At spring and. buffer spring to force. the barrel t9
g\ M, W, \" 8 60 4 counterrecoil. These two springs function as one until

= 6.44 FgAt in./sec

where W, = weight of recoiling parts

Ax = v, At

V(n_l)'f'V
# T)At’ in.

The distance recoiled during the effective propellant
gas pressure period

X, = ZAx = 1.15in.
The recoil velocity at this time is v = 2385 in/sec
(Table 3—1).

Three springs are in the system (Fig. 3—1). The bolt
driving spring and barrel spring work in unison during
recoil until the buffer spring is contacted; then all three
work as a unit until the barrel and bolt come to a stop
whereupon the bolt is latched, permitting the barrel

the buffer spring completes its short travel, thereafter
the barrel spring alone continues to counterrecoil the
barrel. Just as the barrel stops counterrecoiling, the bolt
becomes unlatched and the driving spring closes it.

The energy of recoil is

LW, 1( 60)
E =317 )7 =7\ 5ea ) 56882

4416 in-lb

where
g = 3864 in.fsec?
W = 60 Ib, recoiling weight
v = 238.5 in./sec, velocity of recoil
Preliminary estimates of recoil time must be available
to determine the spring characteristics. After an

approximate recoil time has been established, some of
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the data used in early calculations may be altered for
greater accuracy. A reasonable approach is achicved by
absorbing 75% of the recoil energy before the buffer is
reached thereby reducing the recoil velocity by S0%
during the same period. Assigning more energy within
limits to the buffer will increase the firing rate and
conversely, less energy absorbed by the buffer will
decrease the firing rate. The energy to be absorbed by
the buffer is

E, = 025E, = 025x 4416 = 1104 in-lb
The recoil velocity as the buffer is contacted becomes

08 x 386 4
2208 x 386.4

%0 Vv 14220

5

M,
19.75 in./sec

Yy

The average force of the system which includes the
driving, barrel, and buffer springsis

eEy  05x 1104

= —= = 11041b
Fas Ly 05
where Ly, = length of buffer stroke.

For constant acceleration, the buffing time and
therefore the compression time of the springsis

ZLb 2x0.5

T, =1, = 1925 — 0.0084 sec.

Vp

The corresponding surge time iscomputed to be

T, 0.0084
T= 38 - 33 ° 0.0022 sec.
From Eq. 2—67
1
Fas + 7 (KbLb)
KyT = 1037

1037x 0.0022 K, = 1104+ 025K,

04 =

Ky = ‘alb 1= 5436 1b/in., combined spring constant

34

Fpp = Fp +025K; = 1104+ 136 = 12401b

Fp = Fpo- 025K, = 1104- 136 = 968 Ib.

The new compression time of the springs, Eq. 2—23,
becomes

EMr Fob
T, = A Cos™ o = 0.0119x0.675
b mb
= (0.0080sec.

By repcating the above process, T, remains at 0.0080 sec
and K, changesto 572 1b/in.

1

= - = 1104 + 143 = 12471
Fmb-Fas+3(KbLb) b

1 =
Fop = Fye - 3 (KbLb ) = 1104- 143 = 9611b

Assume constant deceleration, then the recoil time from
the end of the accelerating period to buffer contact will
be

16.7
238.5+ 119.25

2L,
t, = =
v+ Vb

= 0.0467 sec

where L; = L-Ly~x =100-05-1.15 = 835in.

v =2385
acceleration

in/sec, recoil velocity at end of

Yp = 119.25 in.fsec recoil velocity at start of buffing

The compression time of the springs includes the
acceleratingtime and the buffing time.

T, =t,tt, vty = 0.006+0.0467 +0.008

0.0607 sec.

"

The corresponding surge time is

0.0607
3.8

TC
T = ﬁ = = 0.0160 sec.




The average combined force of the driving and barrel
springs, based on 75%recoil energy absorption, becomes

0.75¢E,
F, = —Ld— =

a

0.75x0.5x4416

835 = 198.31b.

According to Eq. 2—67b,

1
F, i Fy+ 7(1<s1,a,)
1037 1037

KT =

s

1037 x0.016 K, = 198.3t+4.175 K,

198.3 .
K = =2 =
= Ty = 1601/,
Fae= F,+4.175K, = 1983+66.8 = 265.11b

F

os

=F,-4175K; = 198.3- 668 = 131.51b

From Eq. 2-22 the time span between accelerating and
buffing is

t, = E_M, Sin~! Fims - Sin~! &
r K, z Z

0.0697 (Sin-' 0.8938 - Sin-' 0.4434)

0.0697 x 0.647 = 0.0451 sec

where Z = F2, + eKMp,2 =/ 87948 = 296.6.
The new compression time becomes

T, = t,+¢1 +1, = 0.006 +0.0451 +0.008
0.0591 sec.

Repeating the above series of calculations has the time
converging to ¢, =0.044 sec, or T,=0.058 sec and
Ks = 16.7 Ib/in. Before buffing, the driving and barrel
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springs function as one spring. The combined minimum
and maximum forces are

_ 1
Fos _Fa_Ks<'§' Ld+xr)

198.3- 16.7(4.175+ 1.15) = 198.3- 88.9

= 109.4 Ib
Foo=F, +K.L = 109.4+167x 10 = 276.41b

The combined spring forces at end of acceleration period
and at the beginning of buffing are
FI

os

= Fo +Kgx, = 1094+ 16.7x 1.15 = 128.61b

Fins = Fins - KL, = 2764 - 167 x05 = 268 Ib

By setting the minimum driving spring force at
F, = 25 Ib, the minimum barrel spring force becomes
F,, =F, -F, = 109.4-250 = 8441b.

Maintain the same ratio between spring constants as for

the initial forces. The driving and barrel spring constants
become, respectively,

F, 25
K== )K = \ 1654 J16.7= 3.81b/in.
Fyg
F,, 84.4 ) _
K, = -F—,o—s' K, = 1094 16.7 = 12.91b/in.

The corresponding maximum forces are, respectively,

F, = F,+KL = 25+38x 10 = 631b

Fmt

L}

F,, tK.L = 844+ 12.9x 10 = 213.41b.

The spring constant of the buffer spring is

Kps = Ky~ K, = 572- 16.7 = 5553 1b/in.
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The buffer spring force at initial contact with recoiling
parts is

Fope = Fop = Fps = 961 - 268 = 693 1b.

At end of buffing, the maximum spring force is

Fops=Fmp = Frpg = 1247- 276.4= 970.6 1b.

m m

Table 3—2 lists design data and computed stresses for
these three springs as well as for the springs of the three
types of action employed in the short recoil gun. The
calculations are based on the followingformulas.

d = 0.27 3/ DKT, (Based on Eq. 2—67a)

Gd*

N = ,number of coils
8KD?
F,D
T = 255 | ——— | ,static shear stress
d3
AY /

= T
a7 T, f (—Tc> , dynamic shear stress
H; = dN, solid height

The available potential energy in the buffer spring
for counterrecoil is

0.5

e —
Eye = 5 (s ¥ Foply = . (970-6%693)05

208 in-Ib.

The available potential energy in the barrel spring
for counterrecoil is

¢ 0.5
By = 5 Fpi ¥ Fo)L = - (213.4 + 84.4) 10

744.5 in-lb.

The potential energy of the barrel spring that augments
the buffer spring is

AE; = 3 (Fppy * Fpp)Ly = 655 (2134 +207)0.5

52.6 in-b.

3—-6

where
F,'n, = Fp- KLy = 213.4- 129x 0.5 = 207 Ib.

The total energy of the counterrecoiling barrel at the
end of buffer action becomes
E,, = Ep.+ AE; = 260.6 in-1b.

<

The corresponding velocity is

2E,, 521.2x 386.4
vc,b = M = 50 = 4028
t

63.5 in.[sec.

The maximum energy of the counterrecoiling barrel is

Ecrt = Eb +Et = 208 +744.5 = 952.51in-Ib.

The maximum velocity attained by the bolt in
counterrecoil is

2E,,, 1905 x 386.4
Vere = \/ M, =\/ 50 = /14722

= 121.3in.fsec.

The maximum energy of the counterrecoiling bolt is

05
Eeg =5 Fp +F,)L = £ (63+25)10

220 in.-lb.

The maximum velocity attained by the bolt in counter-
recoil is

2E, 4 440 x 386.4
Ver =\/ M, = 10 =,/17002

= 130.4in./sec

The time clapsed from the propellant gas period until
the buffer is reached, obtained from Eq. 2—51, will be

My o Fns Flq
r K, Sin Z Sin~! —g—

0.0682(Sin™" 0.8904 - Sin-' 0.4280)

~
1}

~
1l

0.0682(63.10 - 25.33)/57.3 = 0.045




where

F,o = 12861b ; F, = 2681b

os

eM 0.5x60
T16.7x 3864 0008 sec

Z =\ (F)) + eKMp2 =./16538 + 73747
= 301 b

K, = 16.71bfin.

E =05

M2 = 2E, = 8832in-lb

The time elapsed during buffing, Eq. 2—23, becomes

eM,;
— cos-' Fobr
tb = Kb Fmb
[ 05x60 L, %61
=V 572x3864 O 1247

0.0001357 Cos-' 0.7706 = 0.0116(%%%)

= 0.008 sec.

The time elapsed for counterrecoil at the end of buffer

activity is obtained from Eq. 2—-27.

; _ M, , Fops * Fr’nt
=\/ o +x~ cos-' T
erb e(Kps K Fnps t Finy

50 _, 900
"V o05x35682x386.4 €% 1184

-1
0.0214 Cos™ 0.7601 = 0.0214 ( 373

0.0151 sec.

40.53

)

Compute the time clapsed for the barrel to negotiate
the remaining distance in counterrecoil according to

Eq. 2-26.
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o~
I

M, - Fyy - Fr’nt
ot e_K, ( Sin™* 7 - Sin™! —

0.1418 ISin—' (- 0.3557) - Sin-' (- 0.8723)]

n

0.1418 (339.17 - 299.27)/573 = 0.0987 sec

M, 50
where —_— = -
eK, 0.5x 12.9x 386.4

=,/ 00201 = 0.1418 sec

_ ;2 X, .
Z = (Fmt) + —-e— Mvcrb

129
= 2 = -
\/207 + ( 05 )521 6 = /56306 = 2373 1b

The time elapsed for counterrecoil of the bolt, Eq. 2—27,

is
[ My
tr *\| & Cos~! &
F

m

} \/ 10 25
05x3.8x384 5 63

0.01362 Cos-' 0.3968

66.12
57.3

0.1167 ( ) = 0.1347 sec.

Time of cycle will be

=, + +
g "Lty Tttt

=~
o
W

cr

= 0.006 £ 0.045 + 0.008 + 0.0151 +0.0987 £ 0.1347

0.3075 sec

The rate of fire becomes

5= ?ﬂ = 83675 = 195 rounds/min.
¢ .



TABLE 3—2. SPRING DESIGN DATA OF RECOIL-OPERATED GUNS

Type Short Recoil

Spring Long Recoil Short Recoil Bolt Buffer Bolt Accelerator
Data Driving Barrel Buffer Driving Barrel Buffer Driving Buffer Driving Barrel
K, 1b/in. 3.8 129 5553 2.6 354 579.6 24 229.6 20 200
F m b 63 2134 970.6 53.1 1594 1645.6 36 344 320 284
T,, msec 0.058 0.058 0.0080 0.0743 0.0165 0.0105 0.0529 0.0060 0.0347 0.0076
(Tc/T) 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 1.8 3.8
T, msec 00153 0.0153 0.0021 0.0196 0.0043 0.0028 0.0139 0.0016 0.0193 0.0020
D, in. 05 2.0 15 0.5 2.0 1.875 05 0.875 1.0 0.5
D3,in3 0.125 8.0 3.375 0.125 8.0 6.592 0.125 0.766 10 0.125
DKT 0.0291 0395 1.749 0.0255 0.304 3.043 0.0167 0.321 0.386 0.200
Y DKT 0.307 0.734 1.205 0.294 0.672 1.449 0.256 0.685 0.728 0.585
d,in, 0.083 0.199 0.325 0.079 0.181 0.391 0.069 0.185 0.196 0.158
d*X 103 in3 0.572 7.880 3433 0493 5.930 59.78 0.329 6331 7.530 3.944
d*x10% in? 0475 15.68 1116 0.390 10.73 2337 0227 11.71 14.76 6.232
G, kpsi 115 115 11.5 115 115 115 115 115 11.5 11.5
N 144 21.8 8.6 173 55 8.8 109 94 106 34
7, kpsi 140 138 108 137 137 132 139 118 109 92
AT,/T) 4 4 4 4 4 4 4 4 2 4
T kpsi 148 145 114 144 144 139 146 125 115 97
H_, in, 12.0 44 28 13.7 1.0 3.5 76 1.7 20.8 54

s

09Z-90L 40NV



3-4 SHORT RECOIL DYNAMICS

The dynamics of the short recoil-operated gun
approach those of the retarded blowback types more
nearly than the long recoil. To eliminate all blowback
tendencies, the bolt latch is not released until the
propellant gas becomes ineffective. After unlatching,
bolt and barrel continue recoiling, but as separate
units. The barrel is arrested by the combined effort of
the barrel spring and buffer. Having the same velocity
of free recoil, but because it travels a much shorter
distance than the bolt, the barrel will stop recoiling
before the bolt. Both the bolt driving spring and buffer
spring characteristics are determined from the recoil
energy of the respective masses. The characteristics of
the barrel spring arc sclected more arbitrarily but still
must conform to the same initial load requirement as
that for the long recoil barrel spring, i.e., sufficient to
hold the barrel in battery.

3-6 SAMPLE PROBLEM —SHORT RECOIL
MACHINE GUN

351 SPECIFICATIONS: Identical to long recoil

problem (see par. 3—3.1)

3-5.2 DESIGN DATA

L = 10 in, minimum bolt travel
distance
Wy = 10 1b, weight of bolt unit
W, = 50 1b, weight of barrel unit
E = 0.5,efficiency of spring system

The numerical integration of Table 3—1 also applics to
this problem, therefore, the distance recoiled during the
effective pressure period of this propellant gas, x,= 1.15
in. and the corresponding recoil velocity v = 238.5
in./sec. The recoil energy of the bolt is

E, = %(Mbvz) = % ( 32-31607> 56882 = 736in.-lb.

The average force of the driving spring becomes

F, = Bo . _05x736 el
L-x, ~ 10.0-1.15 Rt

AMCP 706-260

To be compatible with allowable stresses, the spring
characteristics must conform to computed data obtained
from Eqs. 2—23 and 2—67b. When based on constant
deceleration, the time required to stop the bolt in recoil
is

2AL-x) 2x8.85
e )

= 0.0743sec,

Including the time of the effective gas period, the
compression time of the driving spring is

T, =t+t, = 0.0743+ 0.006 = 0.0803sec.

The corresponding surge time will be

T,  0.0803
T=— = —

= 0.0211sec.
38 3.8

Apply Eq. 2—67b to compute the spring constant K.

Fu Fa+ $R(L -x,)
1037 1037

21.881K = 41.6+ 4.425K

416

= = 2.41b in,
K 17.456 /
F, =F,t4.025K = 41.6% 10.6 = 5.2lb

41.6- 10.6= 3101

F = F,- 4.425K

The decelerating time, Eq. 2—23,is

M, K 05x 10
t = — -l == =
K " F, 2.4x 386.4 °°°

0.0735x 0.935 = 0.0687sec.

310
52.2

The total compression time of the spring is

T, =t+z, = 0.0687+ 0.006 = 0.0747sec.

3-9
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Adjust the time and recompute Eqs. 2—67b and 2—23,
the time and spring constant coverge to ( = 0.075 sec
and K = 2.6 1b/in., respectively.

The maximum driving spring force 7, is

F, = Fa+%K(L—x,) = 416+115 = 53.1 Ib.

The driving spring forceatx = 1.151n. is

F, = F,-K(L-x,) = 531-230 = 30.11b.

The initial driving spring force is

F,

0

= F,-KL = 53.1-260 = 27.1 b,

According to Eq. 2—22 the time of bolt recoil is

eM,, ,
t, ='\/-—K—- Cos™! o
F

m

. \/ 05x 10
26 x 386.4 °05°
55.47

0.004976 Cos™ 0.5669 = 0.0706( 573 )

30.1
53.1

0.0683 sec.

According to Eq. 2—27, the time of bolt counterrecoil is

Mb Fo
oy =\ " F,

[ 10 2l

_ 1 —
'V 05 x 26 %3864 % 31

0.0199 ' 0.5104 = 0.141 -59—3 )
J Cos-' 0. = 0. 1 73

0.1459 sec.
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The time clapsed during bolt action may determine the
firing rate, provided that the barrel returns to battery
before the bolt recoils fully. The recoil energy of the
barrel is

E, = %(M,v2 ) = %( % ) 56882

3680 in.-1b.

The average buffing force, to be approximately the
same as for the long recoil, should have a buffer travel of
Ly =1375in.

According to Eq. 2—16 the average spring force during
buffing is

€k, 0.5x3680

Fao =7, = —1373

= 13381b.

Assume constant deceleration so that the time needed
to stop the barrel during recoil becomes

2L, 275

Ly = - = 3385 = 0.0115sec.

This time is also the compression time 7T, for the
combined buffer and barrel springs. The surge time is

T, 00115

38 38

T= = 0.00302 sec.

Apply Eq. 2-67b to solve for the spring constant and
corresponding forces.

1
Fnp Fat3 (KbLb)

m
KyT = To37 = 1037
3.132K, = 1338+0.688K,
_ 1338 _ .
K, = > 444 547 Ibfin.
F_, = 1338+0688K, = 1338+376 = 1714Ib
F,, = 1338-0.688K, = 1338- 376 = 9621b




The decelerating time, Eq. 2—23, will be

feM
t = —K—t Cos™ Fopm
b F

mb

05X 962
=\/547x3864 % 1712

0.0109 x0.975 = 0.0106 sec.

By repeated computation, the time and spring constant
quickly converge.

t,, = 0.0105 sec

rt

Ky = 615 Ibfin.

2

F,, = F,p - -I-(KbLb )= 1338- 423 = 915 1b .

F,

m

p = Fop +KyLy = 915+846 = 17611b

To realize an acceptable firing rate, the barrel spring
force at firing is set as F,,, = 70 1b, the initial barrel
spring force.

The compression time includes the propellant gas period
and becomes

T =

c

t,, ¥1, = 0.0105 £ 0.006 = 0.0165 sec.

The surge time T = -?T% = 0.00434 sec.

The appropriate spring constant is computed from
Eq. 2—-67b.

1037K, T = F,, = F,,+K,L, = 70%2525K,
where L, = Ly +x, = 1375+ 1.15 = 2525 in.

=70 _ " 35410/
15-2.525

K 1975
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The barrel spring force at end of recoil is
Fp=Fy, tK,L,=70%894 = 15941b.

The buffer spring constant is

Ky, = Ky - K, = 615 - 354 = 579.6 Ib/in.
The barrel spring force at the end of the propellant gas
period is

Fop = Foy+Kyx, = 70+354x1.15 = 1107 1b.

The buffer spring force at the beginning of buffing is

F

obs = Fop = Fpp = 915- 1107 = 804.31b.

The maximum bulfer spring force is

F 1761- 1594 = 1601.61b.

mbs =Fmb'Fmt =

The time of barrel recoil from Eq. 2—22 becomes

e = — Cost =2
Kb Fmb

[ 05x50 915
'\/ 615x386.4 °57 1761

0.000105 Cos-' 0.5196 = 0.01025(%-3%)

0.0105 sec.

The available energy released by the spring system at the
cnd of buffer travel is

Eop = % (Fop *Fop) Ly = % (1761 + 915) 1.375

= 920 in.-lb.

3-11
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The counterrecoil velocity at the end of buffer action
becomes

2E,,p 1840 x 3864
Verp = ", G =/ 14220

119.2 in.[sec.

The time consumed for counterrecoil by buffer action,
Eq. 227, is

M, P, 50 915
=4 [— Cos™ = Cos™! —
ferb ek, Frut 0.5x 615 x 386.4 1761

58.7

= ./0.00042 Cos-' 0.5196 = 0.0205(—-) = 0.0210 sec.

573

The time of counterrecoil for the remaining barrel travel

of x, = 115 in. via Eqp. 2—-26 is
M,
= gl TS -1 _F - F
topy = X Sin™ -%or - . | th
(.9 = Sin- =z

= 00855 [Sin-' (-0.1854) - Sin-' (- 0.2934)]

= 0.0855 (349.32 - 342.93)/57.3 = 0.0095 sec

M, 50
—_—= _— = o 1
where \/ eK, \/0.5 x354x3e6a V00073

0.0855 sec

K, )
Z = F?b + —G-— Mvc,b

JllO.?’ +% 1840

37751

The time clapsed for the complete barrel cycle is

Ly Tl Mttty Yot

0.0060 t0.0105 £ 0.0210 + 0.0095

0.0470 sec.
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The time of the barrel cycle is considerably less than the
recoil time of the bolt, £, = 0.0683 sec, and therefore has
no influence on the firing cycle if its present operation
remains undisturbed. The cyle time of the bolt is

~
1]

o4t

c ta r cr

0.0060 + 0.0683 + 0.1459 = 0.2202 sec.

The firing rate is

5= ?— 60 _ 272 rounds/min.

. 02202

This rate is faster than for long recoil (f, = 195) but
slower than the recoil-operated delayed blowback gun
(f,=420). The rate of the short recoil gun can be
improved by resorting to a softer driving spring and the
addition of a bolt buffer. The time of bolt travel will
then be less in both directions thereby increasing the
rate of fire. For example, to initiate the computations,
select a driving spring having these preliminary

characteristics:
F, = 121b (2 1b greater than the 101b bolt
weight)
K = 1.0 Ib/in., preliminary spring constant
L, = 05 in., buffer travel




The driving spring force when the buffer is reached
becomes

Fup = FytK(L-Ly) = 12+1x95 = 21.51b.

The initial driving spring force at x = 1.15 in. is

F=F,+Kx, = 12+ 1.15 = 13.151b

The energy absorbed during this period will be

=L = —1
Eg =5 F+Fy)ly = 5757 (34.65)8.35

= 289 in-1b

where
Ly =1L-Ly-x,=100-05- LI5 = 835in.

The energy to be absorbed by the combined effort of
buffer and driving springs is
Ey = E,, - Ey = 736~ 289 = 447 in-Ib

The velocity of the bolt as it contacts the buffer is also
the buffer velocity v, during recoil.

2, 894 x 386.4
%=\ g =\/ o = V34544

185.9 in.[sec

The time during this decelerating period, based on
constant deceleration, is

2L, 2x835

= 3857 19 - 00393 sec.

td = V+Vb

Buffing time, based on constant deceleration, is

AMCP 706-260

The total time of driving spring compression will be

T

. = thtigtey = 0.0507 sec.

T
The spring surge time 7 =§ = 0.0133 sec.

The required spring constant that supersedes the
preliminary K = /.0 is computed from Eq. 2—67b.

F F+KLy

mn

7037

13.2+835K
1037

KT = 1037

K = {67"1;?2865- = 24 lb/in.

The spring forces at the limits of L 4 are
Fy=F,+Kx, = 120+24x1.15 = 1481b
Fup = Fy+K(L-1Ly) = 120+ 24 x95 = 348 Ib.

The time for this driving spring to compress from the
propellant gas period to the buffer is obtained from Eq.
2-22.

F
eM F d
Ig =y [=22 ( -1 Fap Sin-'_"")
I Sin 7 7
= 0.0735 (Sin—’ 0.7807- Sin-' 0.3318)
= 0.0735 (51.18 - 19.28) [ 57.3 = 0.0409 sec
where

eM,, 05x 10
% =\ 573557 = V000539 = 00735 sec

Z =\ F5 +eKMy»?
= \/219+ 05x 24x 1472 = 446 Ib
Myy? = 2E, = 1472in.-Ib.

313
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t; is somewhat higher than the initial 7,= 0.0507 sec.
Repeating the computation cstablishes these valucs. To
continue the analysis of the spring system, compute the
energy to be absorbed by the buffer system

Fa+Fg
Ey = ,b—(—— Ly = 736 - 414 = 3221b

2e
where
L; = 835in.
=05

The average buffer spring system is

€E,  0.5X322

F = — =

as = T, o5 - 322 1b.

The velocity at buffer contact is

2E, 644 x 386 4
%=\, =\/ o = V24884

157.7 in[sec.

For constant deceleration, the time of buffer action in
recoil and also the compressiontime of the spring is

A,  2x05

T, =t = v - 1577 0.0063 sec.

T
The surgetime T = % = 0.0016 sec.

Iterative computation has the spring characteristics
converging rapidly. The computed buffer time,
according to the procedure which follows, was 0.006
sec. Thus T, = ¢, = 0.006 sec and T = 0.00158 sec.

The spring constant is computed from Eq. 2—67b.

314

1
7 F, ) Fot—> (Lb Kb>= F, +025K,
b 1037 1037 1037
1037x 0.00158K, = 322+0.25K,
K, = 322 = .
b7 ks 232 Ib/in.

F,p = 322~ 025K, = 2641b
Fp = 322+ 025K, = 380 1b.

According to Eq. 2—23, the buffing time will be

t, = \/eMb Cos™! Fob

b Kb Fmb
0.5x 10 264
=\/232x 384 95 380

102,/ 55.78 Cos-" 0.6947 = 0.00747 x 0.803

0.0060 sec

which verifies that ¢5 =0.0060 sec and fixes the spring
constant at K =232 Ib/in. The spring constant of the
buffer spring alone becomes

Kys = Kp-K = 232-24 = 2296 Ib/in.

F,

bs = Fas = 025K~ Fgp = 322- 58 - 348

=22921b

F,

mbs = Fops +Kps Ly = 229.2+114.8 = 3441b.




The recoil time of the bolt and, therefore, the
compression time of the driving spring is

t,, =1, +1ty+1, = 0.006C+ 0.0409+ 0.0060

0.0529sec.

The time of bolt return from buffing action, Eq. 2—27,
is

L.} , Lob 0.0149x 0.803
rcrb = E.Kb COS~- Fmb . .

0.012sec.

The energy of the moving bolt at the end of buffer
return is

€ - 05
= S (Fop + Fppp) Ly = =5~ (3804 264) 05

cr

80.5in.-b.

The time eclapsed for completing the bolt return, Eq.
2-26,becomes

M, -F, =

i \F}? Sin 7% - Sin”t 5

10 12

=\/0.5x 2.4x 386,24 \°" 4154

= 0.1468 (344.37 308.62)/57.3 = 0.0916sec

- 34.8
44.54

- Sin™!

where

K)o = 2 M)
\/F;b +( ; )Mvc,b —\/34.8 +( 55 ) 161

V1984 = 44.541b.

VA

Myv?

crb

= 2E,,, = 161 in-Ib.
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Time of the complete cycle is

-~
|

= ta+td+tb+tcrb+tcr

0.0060+ 0.0409+ 0.0060+ 0.0120+ 0.0916

0.1565 sec.

The rate of fire is

0 a0 .
= 0.1565 383 rounds/min.

[2)]

f:
r tC

This rate is an increase of 28% over the rate of the gun
which does not have a buffer for the bolt.

36 ACCELERATORS

Recoil-operated machine guns are relatively slow
firing because of their slow response to the propellant
gas forces. This slow response is due primarily to the
large inertial resistance that must be overcome while
accelerating the recoiling parts. The entire dynamics
structure depends on the velocity of free recoil; the
higher the velocity, the higher the rate of fire, but the
velocity of free recoil can be influenced only by the
mass of the recoiling parts which, for any given gun, is
usually limited by structural requirements. High speeds,
therefore, must be gained by other means. One of these,
as demonstrated in the preceding problem, involves the
arrangement of springs whereby somewhat faster action
develops by delaying large energy absorption until the
buffer is reached. This constitutes the extent of control
over firing rates of long recoil guns. However, for short
recoil guns, higher rates can be achieved by installing
accelerators.

An accelerator, Fig. 3—3, is merely a rotating cam
arranged to transfer, over a short distance, some
momentum from the rest of the recoiling parts to the
bolt, thus augmenting its velocity. At any given instant,
the cam and the two masses represent a rotating system.
From the law of conservation of angular momentum,
the total remains unchanged after an exchange of
momentums.

rdMy trgMpy = rMy, tr My 3-1

where g = acceleration of gravity
W,
M, = -g—b ,mass of bolt

3-15
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FINAL
CONTACT

Figure 3-3. Accelerator Geometry

W
= -g-‘ ,mass of barrel and components

=
|

ry = camradius to contact point on bolt

r; = cam radius to contact point on barrel

v = velocity of recoiling parts just prior to
accelerator action

vy = velocity of bolt after accelerator action

v, = velocity of barrel and components

Wy, = weight of bolt

W, = weight of barrel and components
At the instant of parting from the accelerator, the bolt
has acquired a velocity higher than the recoiling barrel.

Solving for v, (Of Eq. 3-1

M@-v,)
=—

= R 3-2)

3-16

s
where R, ==,
Tt

The law of conservation of energy also applies.

1 I 1
Lo, 41,7 = ?(Mtv?) + 5 (mp3) -9

By substituting the expression for v5 Eq. 3—2, into Eq.
33 and collecting terms, we will have a quadratic
equation having ¥, as the only unknown. The solution
for v; in general terms is too unwieldy and hence not
shown. A specific solution is demonstrated in the sample
problem.

Other unknown factors are the energy absorbed by
the driving and buffer springs and the subsequent change
in recoil velocity while the accelerator functions. The
procedure for computing these factors is interative. A
specific analysis demonstrates this procedure far more
readily than a general solution. If follows in the sample
problem.




3—7 SAMPLE PROBLEM —ACCELERATOR

3—71 SPECIFICATIONS: Identical to long recoil

problem (see par. 3-3.1)
3-7.2 DESIGN DATA:

10 in., minimum bolt travel distance

10 1b, weight of bolt unit

=
'

W, = 501Ib, weight of barrel unit

0.5, efficiency of spring system

Table 3—3 has the numerical integration for a recoiling
weight of 60 Ib. The buffer or barrel spring and driving
springs resist recoil from the start but are measureably
effective only after 1/2 inch of recoil. The buffer spring
is not compressed on installation. The accelerator (Fig.
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3-3) is so designed that at final contact with the bolt,
the bolt has moved 0.56 in., and the barrel, 0.28 in. The
radii to the two contact points at this time, are

ry = 0.90 in. when Axy, = 0.56 in.

r; = 0.25 in. when Ax, = 0.28 in.
p

R, = ¢ 36

At the end of the propellant gas period, when =6
msec, the barrel has recoiled x, = 1.14 in. and has a
velocity of free recoil ve=v= 2341 infsec. A
preliminary analysis, conducted by the same procedure
that follows showed that the transfer of momentum to
the bolt caused the barrel to reverse its direction of

motion.  Also, appropriate spring constants were
selected.

K = 201bfin., driving spring constant

K, = 200Ib/in., barrel spring constant

TABLE 3—-3. RECOILTRAVEL OF 20 mm GUN EQUIPPED WITH ACCELERATOR

t, At, 4;, FAt Ay, v, Ve Ax,
msec msec 1b-sec/in? 1b-sec in./sec in./sec in./sec in.
0.25 025 344 177 114 114 57 0.0014
0.50 0.25 10.15 524 337 451 282 0.007 1
075 025 11.89 6.13 305 846 64.8 00162
1.00 025 11.12 5.74 370 1216 103.1 0.0258
125 025 925 4.76 306 152.0 131.9 0.0330
1.50 025 7.10 3.76 242 176.4 159.3 0.0398
175 025 523 2.69 17.3 193.7 185.0 0.0462
2.00 025 3.71 1.91 126 206.3 200.0 0.0500
225 0.25 2.58 1.34 86 214.9 2106 0.0526
250 0.25 1.82 094 6.1 2210 218.0 0.0545
275 025 1.39 0.72 46 2256 2233 0.0558
3.00 025 1.06 0.55 35 2291 227 .4 0.0569
3.263 0.263 1.00 0.52* 33 2324 230.8 0.0607
4.00 0.737 1.34 0.40* 26 235.0 233.7 0.1711
5.00 1.00 1.04 0.12* 0.8 2358 2354 0.2354
6.00 1.00 040 -0.27* -1.7 2341 235.0 0.2350

*Reduced by resistance of springs

x,=ZAx= 114 in.

317
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The energy absorbed by the springs during the bolt
acceleration period reduced the recoil velocity to 225.4
in.fsec. This velocity was obtained by iterative
computation. The energy absorbed by the barrel spring
is

F, +F,, 228 + 284
AE, = % Ax, = 205 0.28
= 143in-lb

F,=K,x, = 200 x 1.14 = 228 Ib, barrel spring force
at beginning of accelerator action

F,=Kd{x, t Ax) = 200(1.14 +0.28) = 284 Ib barrel
spring force at end of barrel

travel
e = 0.5, efficiency of spring system.

The two preceding sets of calculations had the energy
absorbed by the driving spring equalling 3948 and 3923
in.-lb, respectively. With the average E = 3936 in.-lb, the
average driving spring force over the remaining recoil
distance becomes

el 05 x3936

B, = e R =037 p

where

Lgy = Lg-x,- Axp = 10.0- 1.14- 0.56 = 83 in.

The driving spring force at the end of acceleration is

F, =F,- ;—<KLd,) = 237- 83 = 1541b.

The driving spring force at the end of recoil is

L

> (KLd, )= 237+ 83 = 3201b.

F, =F,+

m

318

The driving spring force at assembly 1s
F, = F, -KL; = 320-200 = 1201b.

The energy absorbed by the driving spring force during
acceleration is

AFE,

Fe+F> 154+ 143
( % A)‘b‘( 2x05 )0'56

166 in.-lb
where F=F,*tKx, =120+20x 1.14 = 1431b.

The total recoil energy is

W+ W
E = L(;ﬁ)lﬂ =
ro 2 3864 J°f

60 x 54803

) = 4255 in.-lb.

The energy remaining in the moving parts is

E

E,- AE,- AE, = 4255- 143- 166

3946 in.-lb.

The corresponding velocity becomes

_ |2E _ [1892x3864 _
v " 5 V50824

= 2254 in.fsec
M, (v-v,) .- 50(225.4 - v;) + 9254
v, = R, M, YT 36x10 '
= 5385 - 1.39v,
v} = 289982 - 1497.0v, + 1.932¥}

To solve for v, multiply all terms by g and equate the
equivalent energies

1 1
o =5 (wor )+ 5 (W)
3864 x 3946 = 25 + 5 (289982 - 1497,

+1.932v?)
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vi - 21595y, - 21588 = 0 The time elapsed during recoil, which is the
compression time of the barrel spring, is

v, = - 9.57 in.[sec.
Iyp = tip T2, = 0.0014+0.0060 = 0.0074 sec

The low negative velocity indicates a direction change
near the end of the accelerating process. where t, = 0.0060 sec, the propellant gas period.

v, = 538.5- 1.39», = 538.5¢ 13.3 = 551.8in./sec.
The time clapsed during bolt recoil, which is the

compression time of the driving spring, is
Compute the energy of bolt and barrel

1 10 L, =ty +t,, = 00074 +0.0271 = 0.0345 sec.
Ey = ?(Mbvi )= (m>304483 = 3940 in.-Ib

1 50 The time for the bolt to return as far as the latched
Ef = -‘Z—(Mtp? ):( m ) 9) = 6 in.-b barrel, Eq. 2—27, is

E = Ey tE, = 3946 in-Ib M, F
fers =\| K Cos™ &=
m

This energy compares favorably with the earlier
computed energy of 3946 in-lb thereby rendering the

last computed data substantially correct. 10 ’ 148.4
“\/os5x20x386.4 °°% 320

The time of bolt acceleration period is

y o 2Av _2x056 _ _LL2 = ,/0.002588 Cos™ 0.4638
W0 =%y, T 2254 +5518 7772
) 62.367 ) )
= 0.0014 seo. = o.osos( 7206 ) = 0-0353 sec

The time of bolt decelerating period during recoil, Eq. where fo = Fy + K(ZAx + Ax;) = 120 + 20 x 142
2-23,1is = 148.4 1b, the driving spring force as the barrel latch

is released.
eM,, F
Ip = \/T Cos™! F—:,
0.5x 10 154

T ao. COS-' T/
20 x 386.4 320
Ey =€ 5 (L - ZAx - Ax,)
0.000647 Cos-' 0.4812 = 0.0254 ( ’
= 05\ 320+ 148.4 }J8.58 = 1004.7 in.-Ib.

0.0271 sec. 2

The energy of the bolt at this time is

3—19
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The bolt velocity at barrel pick-up is

v =

28, 2009.4 x 386.4
crb Mb =

10 = /7764

278.6 in./sec,

The velocity of all counterrecoiling parts after the
barrel is engaged by the bolt, according to the
conservation of momentum, is

er T M, 60

MyVerp 278.6
Vo = = 10( )= 46.4 in.fsec.

With both springs acting as a unit, the combined spring
constant is

K, = K tK, = 20¢200 = 220 lb/in.
The spring force at the time of impact is

F, =F+F,, = 148.4+284 = 4324 1.

The spring force at the end of counterrecoil, since the
barrel spring force reduces to zero, is

F,=1201b.

According to Eq. 2-26, the time clapsed for
completing the recoiling parts return is

cr T

- 0.0376( 48.0¢. “'55> = 0.0239 sec.

3—20




where

N
i

K
F, s2+_e (Mr”gr )

\%32.42 + —262%( Aﬁ% ) 2153

/334070 = 578 Ib.

The time consumed for the firing cycle is

Ip = tgptiyy i,

0.0345 +0.0553 +0.0239=0.1137 sec.

The rate of fire

L= 01137 o028 rounds/min.

Recapitulating, the firing rates of the various types of
recoil-operated guns are shown in the table which
follows. All guns are identical except for the type of
automatic action.

AMCP 706-260

Type Rate of Fire,
rounds/min

Blowback 420
Long Recoil 195
Short Recoil 272
(without bolt buffer)

Short Recoil 383
(without bolt buffer)

Short Recoil 528

(with accelerator)

3-8 RATING OF RECOIL-OPERATED
GUNS

The recoil-operated machine guns are idealy suited
for large caliber weapons. Their inherent low rate of
fire keeps them out of the small caliber field but, for
large calibers, the firing rate is relatively high and
therefore acceptable. Of the two types involved, the
long recoil is superior to some extent although the
short recoil has a higher firing rate. Both have the
same range but the long recoil is more accurate
because the high loading accelerations of the short
recoil gun disturb the sighting. Also the higher
acceclerations require heavier feeders and
correspondingly heavier associated parts. The large
loads imposed to accelerate these components have a
tendency to cause them to wear out faster, thus
decreasing the reliability and durability of the weapon.

3-21/3-22



AMCP 706-260

CHAPTER 4
GAS-OPERATED WEAPONS

4—1 GENERAL REQUIREMENTS

Gas-operated auvtomatic weapons arc those weapons
that have a gas driven mechanism to opcrate the bolt
and its associated moving components. Except for the
externally driven systems, all opcrating energy for
automatic weapons is derived from the propellant
gases. Nevertheless, gas-operated wcapons are only
those that draw a portion of thc propellant gas
through the barrel wall after the projcctile has passed
and then usc this gas to activate a mechanism to
retract the bolt. Timing and pressure are regulated by
the location of the port along thc barrel and by
orifices restricting the gas flow. As soon as the
projectile passes the port, propellant gases pour into
the gas chamber and put pressurc on the piston. The
piston does not necessarily move at this time. Motion
is delayed by bolt locks which are not released until
chamber pressure has dropped to safe levels for
cartridge casc extraction.

4-2 TYPES OF GAS SYSTEMS

There are four basic types of gas systems:
impingement, tappet, expansion, and cutoff expansion.

a. Impingement System: has a negligible gas
volume at the cylinder; expansion dcpending on piston
motion. As the piston moves, gas continues pouring
through the port until the bullet exits at the muzzle.
With the subsequent drop in pressure in the bore, the
gas in the cylinder may either reversc its flow and
return to the bore or it may exhaust through ports in
the cylinder wall as shown in Fig. 4—1. The duration

77 777773
VZZ77777,

-

]

L BARREL

N
LGAS PORT

\
\-PISTON

~ACTUATING

ROD LBUSHING

Figure 4—1. Impingement System

of the applied pressure is short, being dependent solely
on the position of the gas port.

b. Tappet System: an impingement system
having a short piston travel. (See Fig. 4-7.) The
pressure force imparts a relatively high velocity to the
piston which moves the operating rod and bolt. The
tappet travel is short and its motion ceases as it strikcs
the end of its cylinder.

c. Expansion System: in contrast, has an
appreciable initial volumc in its expansion chamber
which requires more timc to pressurize the chamber,
and also more time to cxhaust the gas. By judicious
selection of port sizc and location, the required
pressurized gas can be drained from the bore.

d. Cutoff Expansion: similar to the direct
expansion type, except for a valve which closes the
port after the piston moves. As the pressure builds up
to a specific value, the piston moves, closing the port
and leaving the gas to expand polytropically* to provide
the effort needed to opcrate the moving components
of the bolt assembly. Fig. 4—2 shows a cutoff expansion
system.

4-3 CUTOFF EXPANSION SYSTEM

4-3.1 MECHANICS OF THE SYSTEM

The final size and location of the gas port are
determined by experimental firing. However, for initial
design studies, tentative size and location may be
computed. The acceleration of the moving parts of the
gas-operated system may be expressed generally as

d?s F A
S P, (4-1)
a?r M, M,

*Polytropic is the name given to the change of state in a gas

whieh is represented by the general equation ka = constant.
k=CP/cv’ where ‘p is the specific heat at constant pressure
and ¢, is the specific heat at constant volume. The specific
heats vary with the temperature”.

4-1
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OPERATING

BARREL

. BORE GAS PORT
ROD ' PISTON ~— 71 7 EXPANSION
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— — U | \L /
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e ] Se s ——]
Ly >
Figure 4=2. Cutoff Expansion System
where Substitute for p in Eq. 4-1
A, = piston arca
dzs 14C'pls£c 1 4 3)
M, = mass of accclerating parts of - - ¥ “-
operating rod dt My, |Gots
P = pressure in the gas cylinder at any  but
time
d*s _ dv =( ds )(dv>= v(dv)
. dr’ dt dr J\ds ds
The gas expands polytropically so that
k
Vi . Ao bt dv P d’s q b
p, =P1 m = D1 —Acso YA Substitute v e or -dt— and rearrange the
terms in Eq. 4-8. The expression for vdv appears in
k Eq. 4-4.
5
— *4—5—
=p 4-2
’( sg +s ¢ )
k
A.p.s 1
pdp = - L2 % ds (4-4)
where M, (s, +5)
k = ratio of specific heats
py = initial pressure Now integratec Eq. 4—4.
s = travel distance of piston
5, = initial distance equivalent to ¥y oo 24.p, sg 1 c @-5)
a _ k-1 1
Vi = initial gas volume (1-0M, | (o +9)




AMCP 706-260

Solve for C;
24.0,50
C, =vi + o —— .
1 ° " (k- 1M, (4-6)
When s = 0, v = v, generally, although v, = O before
the piston begins fo move.
ds 24.p, sf,‘ 2
Wi T s | +¥ 4-7
dt wk-0M, |° G+9F ] ° “-7
ds __ { 1 .
K, k =13 ko1 T (4-8)
dt Sy (5, Fs) -
where
_ 2Acp15‘§
¢ (k- 1M,
-1 + -1
dt = p S‘J’j 619 p ds
- . Z _
Ka[(s0+s) —s(’; + i ‘(so+s)k !
(1 +_r>k~ 1
- k-1)2 8
%o s \¥1 2 s \k—1t ds 4-9
K {1 += o B
a s o o s
o 0
Letg = 1+§0— »ds = s,da
dt=so(k+1)/2\/ __ a7 da
Ka(ak Y-+ s;‘_'ak‘l
S(k+ 1)/2 da
dr = =
(4—-10)

s

_,1-k 2 k-1
\/1 a tv) s, /K

a

4-3
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k +1)/2 _ -1j2

S 1-k

dt = —"————,———[86'03 )] da
Kﬂ

Expand according o the series (I - x)™ /2

ol

where Ay, A, , Aj, etc., are coefficients of x of the expanded series.

Now letg! ~*=x

az(l-k)

aa(l - k)

A= Av A TAx? A TAxS 4

2 +A3
B B?

T

*k +1)/2 _
s (1-k)
__0________ [l +Al a +A

Now integrate

B3

sék+l)/2 a2k -2k a4 -3k
t = at+A +A; +A3 — + A4
;—kT B(2-k) B*(3- 2k) B’(4- 3k)

when t1=0,s=0and a = 10, thus

C2=_

v Kd

so(k +1)]2 [ 4, A, A
1

4-4

-4k
BY(S - 4k) ¥ ]+c,

+ + + +————-+....]
(2-KB  (3-2%)B8* (4-3K)8° G - #%)8*

(4—11)

(4-12)

(4-13)

(4-14)

(4= 15)




Before continuing with the analysis of the
mechanics of the gas-operated system, scveral initial
parameters must be established such as the
characteristics of driving springs and buffers, time of
recoil and counterrecoil, and port sizes and location.
Since springs or their equivalent store energy for
counterrecoil, they must be given the working capacity
for reloading the gun and returning the recoiled parts
in the prescribed time. Since the efficiency of the
spring system involving recoil activity is relatively low
in automatic guns, counterrecoil must necessarily take
longer than recoil. Practice sets the preliminary
estimate of counterrecoil time as

- - _ 36 (4-16)
t, = L51, = 0607, = 7 sec
r
where
f, = firing rate, rounds/min
. time of firing cycle, sec

c

t

” time of recoil, sec

Driving and buffer springs, whether single springs or
nests of two or more, are generally installed in series.
The driving spring is the softer of the two and, during
recoil, scats before the buffer springs begin to move.
Its fully compressed load is less than the initial spring
load of the buffers. Deflections are consistent with
type, the driving spring has a large deflection whereas
the much stiffer buffer springs deflect approximately
15% of the total recoil travel. In counterrecoil, the
buffer springs complete their action first, then the
driving spring continues the accelerating effort the rest
of the way. Another proportion which must be
considered during the preliminary design characteristics
involves the ratio of counterrecoil energy contributed
by the buffer springs to the total counterrecoil energy.
A practical value is

£,
26 _ 9.40.

r

(4-17)

o

The counterrecoil velocity at the end of buffer spring
action is computed from the kinetic energy equation.

X 04E,

"be T \/ZM—

r

(4-18)
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The velocity at the end of counterrecoil is computed
similarly.

2F
Yer = <’ 4-19
T (4-19)
Now
Ybe .
s --/04 orv,, = 0632, . 4-20)

cr

Based on average velocitics, the time required to
negotiate the buffer spring travel becomes

2Lb 3.16Lb
fe = — = —— “-21)
Voe Ver

where
L, = travel of buffer spring,

The time required for the remaining counterrecoil
travel is

2L 1.225L
;o= d (4-22)
rs v, +vp v

be " Ver cr

where
L; = drving spring travel

The total time of counterrecoil is approximately ?,,.

3161, + 12251,

tcr = e thy T v (4-23)
cr
Since #,, is know, Eq. 4-16, the approximate

maximum counterrecoil velocity is

3.16L, +1.225L,
Vg = (4-24)
cr

4-5
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Sufficient data are now known so that, via Eq. 2—-26,
practical values of characteristics for the various springs
can be estimated. Spring constants may vary greatly
among those in the whole system but the loads should
be reasonably proportioned. The minimum load on the
driving spring should be 3 to 4 times the weight of the
recoiling parts. The minimum load of the buffer
springs in series should be equal and in turn should be
about twice the fully compressed load of the driving
spring.

4-3.1.1 Gas Filling Period

The time must also be computed during the period
while the initial volume of the operating cylinder is
being filled with propellant gas. The operating piston
and rod begin to move as soon as the gas force is
sufficient to overcome friction. According to the
equation of gas flow through an orifice, the rate w of
gas flow is 7

k+1
w = CAp (E%:) k (]-c—f—l)k_ ' , Ib/sec
(4-25)
where
A, = orifice area, in.?
C = orifice coefficient

g = 386.4 in/sec? acceleration of gravity
ratio of specific heats
P = pressure in reservoir, ib/in.2

RT = specific impetus, ft-1b/lb

Eq. 4-25 is valid as long as the discharge pressure does
not exceed the critical flow pressure. For gases, the
critical flow pressure p,, is

Py = 053p. (4-26)

All the values of Eq. 4—25 arc usually known
except for orifice arca and pressure so the equation

4-6

may be simplified by substituting K, for the product
of C times the term under the radical of Eq. 4—25,i.e.,

w=K.Ap, 4-27
where the pressure now becomes p,, the average
pressure over a time interval. The time intervals should
be short in duration so that the spread of values is
small between average pressure and the maximum and
minimum values, thereby minimizing the etrors
introduced by pressure variations over the interval. The
weight AW, of gas flowing into the operating cylinders
during the time interval At is

AW, = whr (4-28)

Pressures are read from the pressure-time curve, the
initial pressure being that corresponding to the position
of the orifice in the barrel. A tentative location of the
orificc may correspond approximately with bullet
location when approximately 50 to 70 percent of its
time in the barrel has clapsed. Pressures in the
operating cylinder may be adjusted by increasing the
orifice arca for higher pressures or decreasing it for
lower pressures. If higher pressures are needed but a
larger orifice is not deemed wise, these higherpressures
are available by locating the orifice nearer to the
breech. Conversely, lower pressures are available by
shifting the orifice toward the muzzle. In both
alternatives, these latter effects follow the prescription
only if the orifice size remains unchanged.

There are so many variables in this exercise that
some values must be assigned arbitrarily in order to
approach a practical solution. An initial close
approximation of these assigned values saves
considerable time, which emphasizes the value of
experience. By the time that the gas operating
mechanism is being considered, good estimates should
have been made on the weights of the bolt and its
related moving parts and on the travel distance of
these components. With the help of these estimates
and with Eqs. 4-16 through 4-24, the -carly
characteristics of counterrecoil are determined to serve
as data for determining the recoil characteristics. As
the first step, let the accelerating distance of the gas
piston be indicated by s,.

5, = 0.3(Ld +Lb) (4-29)




The velocity of recoil at the end of the gas piston
stroke is a function of the counterrecoil velocity at the
same bolt position. The two velocities are related by
the efficiency of the spring system. The counterrecoil
velocity at this position is determined from Eq. 2—-24,
thus

cr bc + Mr

\/2 Fo(Ly-s) KLy s,
P = v
(4-30)

At any given position, the energy remaining to be
absorbed by the spring may be expressed generally as
ek

r

r

(4-31)

ek = _;_ (M,v}) = (Em—.jfﬁo-) L.

At the same position during counterrecoil, the energy
released by the spring is indicated by Eq. 4—32.

(4-32)

cr

1 E +
= 3 () -0 (B3E).

F _+F
Solve for 'mz_LL in Eq. 4—32 and substitute the

appropriate terms in Eq. 4—31 to obtain Egs. 4—33
and 4-34.

(4-33)

(4-34)

The work done during a polytropic expansion of a gas
is defined in Eq. 4—35.

w_prl—p2V2 135
- -1 (_ )
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where
k = ratio of specific heats
p1 = initial pressurc
p2» = final pressure
Vi = initial volume of gas cylinder
V, = final volume of gas cylinder
Since

i \¥
P2 =D _172

Eq. 4—35 may be written as

W=p P (4-36)
By assigning a value to the ratio {ﬁz so that
1
v,
V, = (7 Vi ,Eq. 4=36 may be written
1
k-1
nh Vl) ]
- — = 4-37
W= [1 (V2 (“-37)

Experience has indicated that k= 1.3 and that the

vV, . N
ratio 7;. ==;L offers a practical beginning in the
design study. Substitute these values in Eq. 4-37 to

express the work done by the expanding gas so that

W= 0.473p1 Vl . (4—38)
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This work is equal to the kinetic energy of the
recoiling mass. By substitution, the expression for the
energy in Eq. 4—38 becomes

! - 1-39
5 (Mrvf) = 0.473[)1 V] ( )
1 Vl = 10@1’1’11’2 Y (4_40)

Neither p; or ¥V, arc known but gas volume and
corresponding dimensions must be compatible with the
dimensions of the gun. The initial pressure must be
low enough to assure its attainability and still perform
according to time limits. An initial pressure in the
neighborhood of 1000 to 1500 psi is appropriate.

On the assumption that the preliminary design is
completed to the extent that tentative sizes have been
established and the gas port in the barrel located, the
pressure in the operating cylinder becomes the primary
concern. Note that before the bullet passes the port,
the gas operating cylinder is empty. As soon as the
bullet passes the port, gases pour into the cylinder and,
when the pressure becomes high enough, the piston
begins to move. However, a finite time is required,
however small, for the gas to fill the cylinder. Also,
the pressure in the bore is rapidly diminishing, For this
reason, the pressure in the operating cylinder does not
have sufficient time to reach bore pressure before cut
off when the port is closed. The gas pressure in the
operating cylinder is found by establishing a
relationship between the gas weight in the cylinder and
the total propellant gas weight, and between the
cylinder volume and the effective volume of the bore.
The effective volume assumes the barrel to be
extended beyond the muzzle to correspond with
pressure decay. V3 is the effective bore volume after
the bullet leaves the barrel.

(4-41)

4-8

where

ky = matio of specific heats of propellant
gas in bore, usually considered to be
1.2 as compared to 1.3 in operating
cylinder since the two locations have
different temperatures. See footnote,
par. 4-3.1.

p, = average propellant gas pressure

P = propellant gas pressure as bullet
leaves muzzle

V., = chamber volume plus total bore
volume

The equivalent gas volume in the cylinder at p, is

shown as
WC
v, =(25) Y (4-42)
4
where
W, = EAW, ,weight of gasin the cylinder
W, = total weight of propellant gas

The gas pressure in the cylinder becomes

1% k
€
2 =\ )P (4-43)
[
where
k = ratio of specific heats in operating
cylinder
p, = average bore pressure over a time
increment
V, = cylinder volume




The gas force applied to the piston in the operating
cylinder

F,=A,p, (4-44)

The corresponding impulse F,At is obtained by
multiplying the gas force by the differential time, At
Since momentum and impulse are the same
dimensionally, the change in velocity of the recoiling
unit during any given increment becomes Av.

FAr
Av =~ (4—45)
r
where
M, = mass of the recoiling unit

The velocity v at the end of any given increment is the
summation of the Av ’s.

(4—46)

The distance s traveled by the operating unit at any
given time of the s,

1
s=Estnts, = 5(A1)At)+vn_lAt+sn_l

4—47)
and the corresponding gas volume in the cylinder is

V, =V, +Azs. (4—48)

The entire computing procedure to arrange the
dynamics of the recoiling system so that these data arc
compatible with counterrecoiling data is iterative and
depends on the logical selection of initial values to
hold the quantity of exploration to a minimum.
Experience is the best guide in this respect but if
lacking, definite trends in earlier computations should
soon lead to the proper choice.
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The initial orifice area is found by first solving for
the weight of gas in the operating cylinder at cutoff
and then, on the basis of average values, computing the
area by Eq. 4—27. When the known or available values
arc substituted for the unkown in Eqs. 4-41, 4-42,
4—43, the solution for the weight of the gas becomes

1/ky, a

v pilk
W, = W, —£ ¥ p(ilky = 1/k)
v P

449

Select an initial value of the cylinder pressure p,.
Assume that it is the critical flow pressure, thereby
fixing the average bore pressure p,(p in Eq. 4=26).

Locate the pressure and the corresponding time on the
pressure-time curve. Now measure the area under the
pressure-time curve between the limits of the above
time and when the bullet passes the gas port. The area
divided by p, gives the time needed to operate at the
average pressure.

A
t = 2 (4-50)
pa
where 4 pe = area under pressure-time curve.
The rate of flow is now stated as
WL‘
w = —t‘ (4-51)

The orifice area A, may now be computed from Eq.
4-27.

W
4 =X - ¢ (4-52)
o K wPa KwAp ‘

4-3.1.2 Bolt Locking Cam

The cam that controls the locking and unlocking of
the bolt is arranged for the bolt to be released
completely only after the propellant gas pressure in the
chamber is no longer dangerous and, conversely,
completely locks the bolt before the chambered round

4-9
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is fired. In a gas-operated machine gun such as the
7.62 mm, M60, the operating rod moves a short
distance before bolt pickup. During this traverse, about
half its axial length, the cam has a shallow constant
slope to insure a small angular bolt travel and thereby
exposes only the high strength end of the case at its
rim. The cam then follows a parabolic curve to
complete the unlocking process. A bolt having two
locking lugs generally turns about sixty degrees (Fig.
4-3).

To simplify the dynamics of cam operation, all
components are assumed to be rigid so that transfer of
momentum or energy from translation to rotation is
made without considering the clasticity of the system.
Therefore, as soon as the cam follower moves under
the influence of the operating rod, the bolt
immediately assumes the angular kinetics of the
moving system. Linear velocity converted to angular
velocity becomes

v
w = (-ﬁ) tan B, rad/unit time = (4-53)
RC

where
R, = cam radius
v = operating rod velocity immediately
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